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ABRSTRACT 

A rational method for evaluating hull, mechanical, and 
electrical technologies for future ship designs is presented. 
Requirements are established for the management and 
coordination of technology information. A format 1S proposed 
for the characterization of emerging technologies. The 4s ic 
steps mecessary to establish a technology assessment baseline 
ship are presented. In addition, a process is developed for 
conducting impact evaluation when performance is held 


constant. A case study for a frigate 1s conducted to validate 
the proposed methodology. The methodology will assist ship 
designers and research and development managers in deciding 
which technologies should be funded so they may be 
incorporated ina future ship desigqn. 
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CHAPTER 1 


INTRODUCTION 


ae | Background 


The introduction of new hull, mechanical, and electrical 
C(HM%ZE) technology into the fleet over the last several decades 
has generally been accomplished by justifying the risk in 
terms of savings 1m acquisition and life cycle cost dollars. 
This has resulted im an approach to technology evaluation in 
which the performance is normalized and impact 1S assessed in 
terms of ship size, configuratian, cost, and risk. 

Candidate technologies for new ship designs are normally 
identified by surveys conducted during early stage design. 
The trend has been to concentrate on areas with perceived high 
eo>C or performance impact. In practice, candidate 


technologies have been identified in two ways C1]. 


(1) The "technology-push" mode, in which the advocate 
proposes that a particular innovation be studied. 
Examples include numerous propulsion and auxiliary 
systems. 


(2) The more methodical approach of reviewing research and 
development (R&D) areas and design sensitivities. 

The desiqn team evaluates each of the proposed 
technologies and advocates funding for the most promising in 
terms of ship impact, cost, or performance. However, unless 
the system is developed to a point that it 1s ready for 


technical or operational evaluation, it 1s very difficult to 
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amcorporate the system into the lead = ship. So one must 
advocate the development of these systems prior to the start 
of a desiaqn. 

The approach currently taken in the continuing concept 
formulation (CONFORM) studies 15 to identify new systems and 
associated risk very early in the design process. This 15 a 
step in the right direction. However, there is a strong need 
to improve the interrelationship between the exploratory 
development of new systems and the development of new ship 
concepts. 

The intemt of this thesis 1s to provide a rational thought 
process for assessing HM2XE technologies for future ship 
desiaqns. The major seqments of technology assessment 
addressed by this thesis include: 

(1) how to properly characterize HME technologies for impact 
analysis, 


(2) how to establish and maintain a continuously developing 
series of baseline ships, 


Zoe now- to conduct technology impact evaluations when 
performance is held constant, and 


(4) what assessment tools need to be developed. 





1.2 Time Frame 


New technology may be introduced into a ship design at 
various stages of development. A technology may be backfitted 
imto am existing ship, incorporated in an ongoing acquisition 
program, or selected for inclusion into a future ship design. 
The ground rules for accomplishing each of these tasks vary 
with the degree of constraint. 

BRackfitting a technology into an existing ship represents 
the most constrained situation. The process may range from an 
extensive conversion to minor ship alterations. The designer 
must work within available growth margins and/or remove 
equipment presently on the ship. Backfitting 1s the least 
desirable method for taking advantage of new HM&E technology. 
It 15 usually done to correct severe problems, to provide an 
immediate response to a new threat, or in a single application 
to test out a new technology. 

On the other end af the spectrum is the decision to 
develop an emerging technology for a future ship design. This 
decision should be made prior to entering conceptual design, 
about 20 years prior to delivery of the lead ship. The desiqn 
is still highly flexible and the full benefit of including the 
technology may be investiqated. 

Incorporating a technology in an ongoing ship acquisition 
program represents a situation somewhere between backfit and 


pre-design. The ship is well defined so only minor changes 





hay occur [iimeene Gesigqn or time schedules, Bnd cost will be 
severely impacted. 

This study addresses the pre-design time frame because it 
has the greatest Potential for improvements i1n cost 
etfectiveness. Ga addition, there presently exists no 
generally accepted methodology for assessing technologies. 

Figure 1 shows the relationship between technology 
development and the formal ship design process. Initial 
technology development and assessment should occur 10 years 
prior to the start of the formal design period. This will 
enable identification of critical areas early in the process 
s0 that efforts can be made to better define unknowns and 
correct deficiencies. Full-scale development of the most 
promising technologies must begin at least five years prior to 
the start of the design. If this time period is not allowed, 
decision makers will mot risk incorporating them 1n the 
desiqn. The proposed methodology is intended to assist with 
the initial commitment and the decision to enter’ full scale 
development. 

Figure 2 shows the decreasing cost savings leverage as 
the ship design progresses. Most of the major decisions 
effecting cost are made early in the process of determing 
performance requirements and selecting subsystems. Hence, it 
is important to have a rational evaluation process for the 


selection of competing subsystem technology. 
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CHAPTER 2 


METHODOLOGY 


fa introduction 


The proposed rational tChought process for assessing 
alternate HMRE technologies was developed to assist ship 
designers and R&D managers in selecting which technologies 
should be funded so they may be included ina future ship 
desiqn. The steps involved in the proposed methodology are 


outlined below. 


(1) Characterize the technologies 
(2) Evaluate the technologies: 
(a) Ship impact 
(b) Fertormance assessment 
(c) Cost estimate 
(d) Risk assessment 
(2) Catalog the technologies 
(4) Ferform integrated technology evaluations 


(2) Make committment decision 


(6) Create develapment plan 


The initial step 1s to characterize the technologies 1n 
order to obtain the necessary data for the impact analysis. 
Once sufficient data is available, the impact of incorporating 


the individual technologies needs to be evaluated in terms of 


ship size, configuration, performance, and cost. The results 
of these evaluations can be catalogued to assist ship 
designers who are searching for emerging technologies. The 


ee. 





designer can then select synergistic combinations of the most 


promising technologies and perform aintegrated technology 
evaluations. Those offering the most benefit in terms” of 
mission effectiveness, affordable cost, and acceptable level 


of risk should be funded for development. 
Qnce the commitment decision has been made, the final 
step is to create a plan for development and implementation of 


the technology. 


i. 
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#.< Technology Information Management 


The following 1S required for the management and 
coordination of technology information C1). 

(1) Establishment Gt a central clearing-house for 
technologies applicable to naval ships 


(2) Characterization of data for emerging technologies ina 
format compatable with early stage design tools 


(3) The preparation and maintenance of a new technology data 
base 


(4) The preparation of a new technology catalog on a routine 
basis for use By the Office of the Chief of Naval 
Operations (OFNAY) and the design community in preparing 
missiom and desiqn requirements 

2) Implementation of feedback mechanisms for influencing R&D 
resource allocations 
The establishment = of a central clearing-house will 

consolidate im one place, and in a single system, those 
aspects of exploratory and advanced development which deal 
with: technology characterization, technology assessment, and 
R&D needs. Currently these activities are handled by separate 
organizations giving rise to considerable confusion about whom 
to approach with a new technology for naval application. 

The primary purpose of the technology characterization 15 
to provide data necessary for ship impact analysis. However, 
if formatted correctly, the characterization can also serve 
additional functions. It can provide am iinitial streen to 


determine if the technology is applicable to naval ships. Ie 


can give am indication of how well the technology 1s 
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understood. It can also tell whether additional R&D is 
required before an impact study can be conducted. In general, 
Unless the technology is obviously not applicable to naval 
ships, enough funds should be appropriated to perform = an 
impact analysis. A proposed format for the characterization 
sheet 1s presented in Figure 3. 

The preparation amd maintenance of anew technology 
database iS a crucial item for the effective management of 
technology information. It requires identification and 
integration of all necessary technical data from any available 
source. In defining what data will be stored, it will be 
important to consider what data is needed for impact analysis, 
what information 1s desired for the catalog of technology 
evaluations, and what type of relations among the data are 
desired. 

The database should he able to identify possible 
synergistic combinations among the various technologies. 
Identification of synergistic relations 1s important because 


of the additional qains that can result from the integration 


of complementary technologies. The biological definition of a 
synergism is, "The action of two or more Substances, organs, 
or organisms to achieve an effect of which each 15 


individually incapable". The system engineering adaptation 
is, "The whole is aqgreater than the sum of the parts". An 
example of a synergistic relationship in ship design is the 


combination of a technology which lowers the vertical center 
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Figure 3. RECOMMENDED FORMAT FOR A TECHNOLOGY 
CHARACTERIZATION SHEET 


Name of Technology: 


Foint of Contact/References: 


EET MRE OE Rt RM 


Pigg |e vestige On: 
Short narrative describing the technology to include a 
general statement on how the technology improves the 


performance of the ship and/or allows a sSize/cost reduction. 
Frovide sketch of concept compared to current approach. 


Categorization: Circle appropriate items. 


1. Direct Influence on Ship Ferformance 

a. Combat Capability (specify warfare area) 

b. Survivability (signatttre, protection) 

c. Mobility (sustained speed, range, maneuveribility) 

d. Seakeeping 

d. Operability (reliability, maintainability, 

avallability, ease of operation) 

2. Functional Area Affected by Technology 

a. Combat System 

b. Containment 

c. Main Fropulsion 

G. Electrical 

Be. Auxiliary 


Toe tettc/ Litman support 





TECHNOLOGY CHARACTERIZATION SHEET (CONTINUED) 


ceo Impact 
a. Weight: Hull Superstructure Topside 


Geeeopace: EGeation — Hull, Suplerstructure 
Type —- Deck Area, Large Object, Tankage 


c. Manning 


Gee Energy 


4. Applicable Ship Size/Type 
Geeoree: CY CG DD FF FF 


Bb. Type: Monohuli SWATH SES HYDROFOIL ACV 


a. Will the technology provide a direct reduction 
Pireeost » y / 7M 


b. Type of cost: Acquisition, Operating and Support 


Development Status: 


What 15 the status of developmentY What remains to be 
done: 


5 NS Bre Oe me ROS Se ee he ee mG oe eee 


Pertinent technical information to comduct ship impact 
assessment. Need to have formatted enclosures that can be 
provided for each major technology category (material, main 
engine, generator, etc.). 
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of gravity (FG), and one that allows a reduction in volume and 
beam. the integration of the two technologies results ina 
smaller ship with superior powering characteristics. The 
improved powering produces an increase in sustained speed and 
endurance, or areduction in installed power. The basic 
guideline is to look for combinations which enhance attributes 
and offset undesirable characteristics. The possibilities are 
limited only By the imagination of the designer. 

One of the primary goals of the proposed technology 
assessment program 1S to improve communication between the 
ship operator, designer, and R%XD manager. Recommendations to 
accomplish this imclude the publication of a new technology 
catalog to provide a greater awareness to the ship design 
community of the status and results of Navy ship-related 
research and development programs, and development of a 


feedback mechanism to influence resource allocations. 
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2-2 Baseline Ship Development 


aes SS EH 


The baseline ship chosen for impact analysis can 
influence which technologies are selected for development. 
Therefore, it 1S important to discuss the attributes of a good 
“technology assessment" baseline. Essentially, the baseline 
must be a "tight" design Falanced in space, weight, stability, 
and energy. The design should possess no excess space, 
welghnit, SLEAUL Leys Gor powering beyond that required by 
standard design margins. In this way, the full impact of the 
technology may be assessed without concealing the results in 
excessive margins or design flexibility. 

When evaluating technologies for a future design, a 
reasonable projection of what technologies will be available 
and notionally acceptable to the decision makers must be made. 
Baselines are thus dependent on what stage of the design 
process we are aiunterested in. A rational approach 1s to 
develop a set of baselines and store them in an integrated 
database. They should be well-balanced designs created by 
experienced ship designers to cover the various time frames 


and ship types. The following categories are appropriate. 


(1) Select Asset - Ship currently in the fleet 


(2) New Acquisition —- Initial Operational Capability (IOC) 
10 years in the future 


(3%) Technology Assessment - I0C 20 years in the future 





The fleet asset baseline is the ship currently in the 
Fleet that is fulfilling the prescribed mission requirement. 
These baselines can be used to assess the approximate impact 
Of introducing a new technology into fleet units, and serve as 
a basis for comparison with conceptual baselines for the 
future. The new acquisition baseline is a feasibility level 
design, with an IOC ten years in the future, which 
incorporates all current design practices and standards, and 
new design margins. Technology innovations determined to be 
mission and cost effective and projected to be approved for 
S@rvice use (ASU) by I0C minus eight years should be 
incorporated in the baseline. These “acquistion baselines" 
could be ready, at any time, to move directly into the 
SeqmaSition cycle. They would therefore incorporate only 
mature, low risk technologies. These baselines could be used 
for answering the many “what 1" questions that continually 
arise, The technology assessment baselines would be 
conceptual/feasibility level designs for I[0Cs 10 to 20 years 
in the future. These "technology assessment" baselines could 
serve as sounding boards for proposed technology and design 
innovations. 

For example an ASW frigate baseline data bank would 
Include FF-1052 as the current fleet asset. The acquisition 
baseline would probably be a seakeeping monohull with 
mechanical drive, while the technology assessment baseline 
might include a SWATH design with electric drive, an advanced 
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Meonemniwll, and an SEStvari ant. The data bank should be updated 
each year and the baselines presented as new "spring styles". 
The requirement to maintain these baselines could serve as the 
GirgGifal task for CONFORM. 

As previously stated, the development of a proper 
baseline 1S essential for determing the true impact of the 
technology being assessed. Therefore, specific guidance will 
be given far establishing technology assessment baselines with 
IO0Cs 20 years in the future. The proposed process improves 
and formalizes a process that NAVSEA already uses on an ad hoc 
basis. General advice is to establish a comfortable baseline. 
This 15S important because if the baseline is too extreme the 
results of the impact analysis may be invalidated. Hence, one 
should avoid controversial technology which might jeopardize 
the program. On the other hand, a baseline which 1s overly 
conservative would result in an overly large ship that 15 
unaffordable. A technelogy assessment baseline needs to be 


developed to a sufficient level of detail to enable a 


reasonably accurate impact analysis to be accomplished. In 
order to achieve plausible impact analysis results. the 
designer needs to have information concerning ship 
performance, basic ship characteristics (size and 
configuration), manning, margins, eost, and fF i*silae This 


requires a level of detail somewhere between a feasibility 


study and conceptual desiaqn. 





The basic eteps mecessary to establish a nominal 


technology assessment baseline are outlined below. I f the 


PicemigemeGltti cult to follow, deviate in a manner thet am 


“intelligent designer" would perceive as most rational. 


(1) 


Ferformance Requirements 


Develop attainable performance requirements based on 
the statement of need and mission analysis. Ideally, 
this would be accomplished im cooperation with OPNAV. 
The performance factors should be stated as threshold 
PO eemmeniae MUS be met, and goals which are highly 
desired to be met. The parameters to be addressed are 


Given im Table l. 


subsystem Selection 

The basic aimtemt is to choose subsystems that will 
enable the ship system toa meet the performance 
requirements and to be acceptable to decision makers. 
Use "new standards" such as a protected aluminum or steel 
superstructure, Collective Frotection System (CFS), Ship 
system Enqineering Sean@ahas’ ~(SSESa), etc... It ais 
recommended that the designer sketch several rough 
conceptual alternatives and choose the most plausible one 
Prior to engaging in the formal selection process. Table 


= lists the subsystems that need to be selected. 





Table 1. PERFORMANCE REQUIREMENTS 


1. Combat Capability 
~ Specify combat capability in each warfare area 
(AAW, ASW, SUW, Strike, Mine, Amphib) 


ee ol vival 11 ty 
-~ Signatures (IR, RCS, noise, visual, magnetic) 
~ protection (blast, frag, NBC, shock.) 


ewer Glia Ae leet 5/ 
~ speed 
gamer cul C} & 
-~ etores period 
~~ maneuverability 


4, Seakeeping 
- motion limitations (Flight Ops, crew, equip) 
-~ deck wetness 
~ slamming 


ao. Operability 
SJ reliabiriity 
- maintainability 
ovat! agi laty 


Gener emia iG) 
| Unit commander 
-~ crew size (if constrained) 
- aviation department size 


7. Flanned use 
“~ Environment 
- operating profile 





Table 2. SUBSYSTEM SELECTION 


1. Combat System 
~ Command *& Control 
PoE terh. or Comms 
- Sensors 
~ Armament 
- Aviation 


=<. Cantainment 

- Hull Form 

- Superstructure 
~ Materials 


Sere ooud sion Fl ant 

- Main Engines 

~ Secondary Engines 
~- Transmission 

Ser Oo) Sor 


foe vectrac Flant 
~ Frime Movers 
~ Generators 
- Frequency Conversion 


Auxiliaries 
~ Type (Electric, Steam) 
~ Ventilation System 
~ Frairie Masker 
—- Rudder 
= Fins 
~ UNREF Gear 
- Hallast 


CA 


Ge UUGtrt/7 human Support 
~ Habitability (plush, modern, austere) 
- Stowage (Vidmar, racks & bins) 





Cs) 


Balance the Design 

system integrate the subsystems to obtain a balanced 
design utilizing standard design practices and criteria 
appropriate for a feasibility study. If the design can 
not be Dalanced in weight, stability, space, and energy, 
subsystem selection may not have been proper. The 
recommended design margins for monohull surface 
combatants are givem in Table 3. With the exception of 
Zero Space margin, the recommended design margins are 
consistent with CONFORM feasibility design margins qiven 
in reference (€14]. CONFORM uses a S% arrrangeable deck 
area and tankage margin. These margins cloud an impact 
analysis by adding a bias, and hence, it is recommended 
that a zero space margin be used for the purpose of 
technology assessments. 

Recommended design marqins for advanced marine 
vehicles are similiar to monohull desiqns except for some 
differences in weight, EG, and powering. SWATH, 
hydrofoil, and surface effect ships are more sensitive to 
weight changes but less sensitive to FG changes: hence 
they should possess 15% weight and 10% EG acquisition 
margins. The service life weight margin for these modern 
ships is taken as 10% of the equivalent monohull full 
load displacement. The equivalent monohull is defined as 


the monohul 1 designed Go the same performance 


ot) 





Table 3. RECOMMENDED TECHNOLOGY ASSESSMENT DESIGN MARGINS 


2° Se ee ee ee ee eee ee eet ee ee 


(Ship Service) 


Weight 62? Pena = On awos l-7 ) | lied 

EG feo oer ole wl — 7) 1 ante teh 
cg Re ES ee eee ee 
Space O (No excess volume) 1 © 

Mheetrical <=? ay, 1 YZ, 


a ee ON SS Ge Gee Gee meee Gee GhOEP Gee meee OOF oe 


Presculsion‘t-? 
Fower 


Peeyt amet TORTS MO EOs ROME ence Ree ee ce Re ameee Ree pet GE oe ame 


Accommodations 


TT ee 


strength 


FOR A MONOHULL SURFACE COMBATANT 


—— ec ce mm me ce re re re re me crm comms rms crm ry tems cm ce ces es es cm cc es es es ee ee ee ee ee ee ee oe 


lla EN ea em cmc me ce a i ie 


(Frop excluded) 


mame mms ms ms mm cm cc mm eee ssi Cmte ttiamendiicenmen Time ims Mikes tin in tien Ieee ee 


FO,  (Vetal GHEE) orier oe pire! lab edy salam 
8% prior to self-propelled model tests 


em me ee he mente matey teem) NS em Om} Pata GO GE GE ces ces) SY GG Ge ee et ee ee Ge Ge: GE Ge eet eet GE GE Gee Guat Ga c= oo 


emt cms sree) ame peepee egy ce em crs cs ce crc cc es ee) eR GEE GE GEE Fee) Bene GEE 


<.24 ESI of marginal stress at delivery 
(Max primary stress for hull material) 


— = — — — —= —=— —_ _—— = = = —_ oe --_ —— -—- —— _—w -=— —- —_ a = =o —— —— = _—-_ —_— --—— 


(a be Cones Co arate comme com cme eons cum Gey ear ee Ne ee Te ee ee el 


Notes: 


(1) 


Cz) 


The service life weight margin applies only to naval 
architectural limits of the ship (reserve buoyancy, 
stability, structures) not to the final design weight. 


In Sizing the electric plant, the calculated maximum 
electric load plus these design margins shall be met with 
one generator out of service. The remaining generators 
shall not be loaded in excess of 90%. Note that the 
service life margin is not applied to SWES group 200 
which would be expected to remain stable over the life of 
the ship. 


Ferformance requirements (Ve, endurance) are met at 
delivery full load displacement. 





requirements SWATH ships should be designed with a 
Peiaaeer fife £6 Gmhaiegin of 2-3 FT (beeemse of tite 
relatively high vertical log@atiom «ef «aie box and 
SUperstructure (potential growth loé€ation). Air cushion 
vehicles, surface effect ships, hydrofoils, and planing 
Craft are required to have a 25% thrust margin over drag 
at hump speed in the desiqn sea state at delivered full 
load displacement. Exceptions to these margin 
requirements should be permitted only for unique cases. 
USN design standards and practices are officially 
pramulgated by Desiqn Data Sheets (DDS). They establish 
step-by-step procedures for performing calculations at 
various levels of design. The Design Data Sheets listed 
in Table 4 are considered applicable for the development 
of a technology assessment baseline. In some cases, it 
may not be necessary tO carry out the full c¢et of 
calculations prescribed by the Design Data Sheet. For 
example, if the design 1S a conventional monohull, it 1s 
reasonable to assume that the ship possesses adequate 
Stability if GMy+/BR - 0.1. Similarly, bending moments for 
structural design may be based on regression analysis 
instead of the more detailed static calculations required 
by DDS 190-6 as long as the desiqn does not deviate 
Significantly from the ships used for the reqression 


analysis. 


Sr aa | 
eee 
Sere” athens 





Table 4. 


DDS 


DDS 


DDS 


DDS 


DDS 


DDS 


(OE = 1 


Oy fe age 


100-6 


20-1 


er | 


DESIGN DATA SHEETS APPLICABLE TO DEVELOPMENT 


OF A TECHNOLOGY ASSESSMENT BASELINE 


Frediction of Smooth Water Fowering Ferformance 
for Surface Displacement Ships 


Stability and Buoyancy of U.S. Naval Surface 
Ships 


Minimum Required Freeboard for U.S. Naval Surface 
Ships 


Longitudinal Strength Calculation 


Calculation of Surface Ship Endurance Fuel 
Requirements 


Electrical System Load and Fower Analysis for 
Surface Ships 


id 
ie 








(4) 


Design Summary and Analysis 


Once the design has been balanced in weight, 


stability, space, and energy, it is important to step 


back and scrutinize the design. The data listed in Table 
~ 16 considered sufficient for design review. AS a 
minimum, the following items should be examined in order 
to ensure the design is plausible. 

(a) Aesthetics - Does the design look reasonable? Is it 
Similiar to what we are used to seeing, or is it 
vastly different 7 

(b) Gross Characteristics - Farameters within normal 
variations * 

(Cc) Fowering - Is sustained speed sufficient 7 Is the 
propulsive coefticiemt reasonable Y Endurance power 
adequate 7 

pmeom@upmoe~yicCe - Do the average amd peak electrical 
loads follow current trends *¥ 

eee eee ere Ee) Pereentages alle@cated as expected = 

eesti teva Is the metacentrie height reasonable * 

CV agm@eenoooll laty — 15 the available epace Sutfricient ~ 


Enough detail to ensttre that the large objects fit 


and that there 1s adequate topside deck area. 


Tvieiemeanii —- 1S tiie design well-balanced with adequete, 


but not excessive margins *¥ 


If the desiaqn appears plausible, then it should be 


analyzed to obtain the necessary data for technology 


assessments and to ensure it meets all the performance 


requirements. If the design does not measure up, 


new subsystems will probably need to be selected. 


then 





Table S. RECOMMENDED HASELINE DESIGN SUMMARY 


1. Gross Characteristics 


Length between perpendiculars, LBF 
Ream, on design waterline, B 

Draft to design waterline, T 

Depth to main deck at midship, D 
Freeboard at station zero, FHDse 
Full load displacement, A 

Fayload weight, We 

Total ship volume, V+ 

Metacentric height, GM-+ 

Frismatic coefficient, Ce 

Maximum section coefficient, Cx 
Fayload fraction, Ye4% 

Displacement to length ratio, A 
Volumetric density, Wa 

Length to beam ratio, LHF /E 

Beam tO Graft ratio, B/T 

Length to depth ratio, LHF/D 
Metacentric ht to beam ratio, GM+/B 
Estimated roll period 


ee Oe 1 mc 


Sustained Speed, Vs 

Endurance Speed, Ve 

Range 

Fuel Weight 

Endurance power, SHFe 

Fropulsive coefficient at endurance, Fle 
Specific fuel consumption at endurance, SFCe 
Fropeller diameter 

Maximum propeller RFM 


2. ship Service 
Fropulsion plant electrical load 
Average 24 hr electrical load 
Maximum electrical load 





RECOMMENDED DESIGN SUMMARY (CONTINUED) 


4, Weight Breakdown 


SWeSs groups 1-7 
Acquisition margin 
Lightship weight 
Loads 

Full load weight 


co 


~. Volume Breakdown 


Hull Volume 
Deckhouse Volume 
Volume Hudget (7) 
Mission 
Human Support 
Sle suppor: 
Sere. (obi lity 
Unassigned 


6. Manning 


Ship Manning 
Officer 
CFO 
Enlisted 
Accommodations 


Yo eetah pis 


Weight 

EG 

Space 

Electrical 
Fropulsion Power 
Accommodations 
Strength 





sh 


his 
j 





The analysis data listed in Table 6 18S considered 
sufficient for performing technology assessments. The actual 
amount of data required will depend on the tradeoff being 
conducted. Table 4&4 is a wish 1list since information on 
Signatures, seakeeping, reliability, etc. is normally not 


available at this level of design. 





Table 6. ANALYSIS DATA REQUIRED FOR TECHNOLOGY EVALUATION 


1. Ferformance 


a. Combat System 
(1) Fayload Capacity - Weight, Deck area 
(2) Effectiveness —- Weapons, Sensors 


ge ouUmVivabllity 
(1) Signatures - IR, RCS, Noise, Visual, Magnetic 
(2) Vulnerability Assessment 


Seem 11 ty 
(1) Sustained Speed 
(2) Range at endurance speed 
(2) Maneuverability 


d. Seakeeping 
(1) Bales’ Rank Factor 
(2) Natural Feriods —- Heave, Fitch, Roll 
(3) Fercentage of time ship can perform mission at 
any heading in most severe design operational area 


e. Operability 
Grew meliabllity 
(2) Maintainability 
(2) Availability 


<2. Cost 
a. Research and Development 


b. Acagquisition - Lead, Follow, Average Ship 
c. Operating and Support 


Risk 


ne tyme tee 


a) 


a. Schedule 
b. Technical 
c. Cost 





OT RO NE DE ee, 


#e4 Technology Impact Evaluation 


fechmoloqy impact evaluation consiste of asseserng the 
Ship size, Configuration, performance, cost and risk impact of 
incorporating an emerging technology. If the technology does 
not improve the performace of the ship anmd/or reduce’ the 
S@etyeiee, then there is mo benefit to .includifg it Wn the 
design. Hence it is extremely important that the results of 
the amalysis be accurate and reflect the "true" impact of the 
technology being investigated. This section is theretore 
concerned with developing a standard methodology fier 
conducting ship impact analysis for a future ship. 

The process developed in this section is for assessing 
the ampact of emerging HMZE technologies when the basic 
performance requirements of the ship are held constant and it 
is desired to reduce the cost and/or size of the = ship. The 
other perspective is to change the combat capability. 
survivability, mobility, sSeakeeping, and/or operability of the 
ship and then assess the change in mission effectiveness. 
This alternate approach will not be addressed due to lack of 
models for assessing mission effectiveness changes at the 
conceptual level of design. The author recognizes the need 
for work in this area and hopes this very worthwhile project 


Will be unmdertaken in the near future. 


fie | 





The basic approach used is to attempt to keep the 
performance requirements and the design standards and 
practices constant, then determine the ship, cost, and risk 
impact of incorporating the technology. This translates to 
the following rules. 

(1) Never allow performance to fall below threshold. Try nee 
to exceed baseline performance (1.e€., attempt to keep 
mission effectiveness constant). 

(i) Halance variant im weight, stability, space, and energy 
utilizing standard design practices and standards. 
Attempt to keep design margins constant. 

(3) Fertorm a cost analysis. AS a minimum this includes 
lead, follow and average ship acquistion cost as well as 
operating and support costs. 

(4) Identify risk associated with the design. AS a minimum 
this should be a crude assessment similiar to that used 


in CONFORM feasibility designs, Reference (C1i4]. 


(5) Assess changes in the ship. 


If the above rules are difficult to follow, allow things to 
vary in the way an intelligent designer would perceive as most 
rational. However , under no circumstances, should the 
performance characteristics or design margins be allowed to 
fall below the minimum criteria. If changes in mission 
performance and design margins occur, the differences will 
have to be evaluated. The picture then becomes more clouded 


and the committment decision more difficult. 





In order to assist in following the rules, additional 


explanation and guidance is provided below. 


Gi) 


Normalized Ferformance 


(a) Combat System - same combat system components. 
- same integration approach 
(1.@., topside arrangeability, 
dispersion, firing arcs, etc.). 
(Bb) Survivability - same degree of protection. 


- same signature levels. 


(ee iOomien 1 ty 


same range and endurance speed. 

-— same sustained speed. (Fractical 
considerations such as discrete plant 
slzes may dictate that Ve changes.) 

- Same maneuverability. 


(d) Seakeeping —- will probably change since it 15 a 
function of ship size and geometry. 


(@) Operability —- same degree of onboard maintenance, 
component reliability, system 


redundancy, etc., resulting in the 
same ship RM2ZA. 


Balanced Design 
The design 1S balanced when it possesses no excess 


weight, stability, space, and energy beyond that required 


by standard design margins. Try to maintain the same 
margins as the baseline. However, due to discrete plant 
Sizes this may not be possible. Complete flexibility in 


changing gross characteristics, hull form, deckhouse, 
electric plant, WVAC, propulsion plant, etc.. But, do 
not change subsystems unless necessary to balance ship. 
Manning should remain constant unless technology directly 


effects manning levels. 
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Ce) 


(4) 


Cost Analysis 

The intent is to provide an estimate that can be 
used to compare the relative costs of competing 
alternatives. Hence the model must be sensitive to the 
complexity of the system as well as the weight/size. 
Cost estimating relationships such as those developed in 
the Advance Naval Vehicle Concept Evaluation (ANVCE ) 


study, Reference C25], are considered sufficient. 


Risk Assessment 

It 1s very difficult to quantify the risk associated 
with incorporating a technology innovation in a design. 
Risk assessment is not the strong point of this thesis. 
Readers should refer to Reference C€24] =‘for a more 
thorough discussion of the subject. 

AS a minimum, a simple qualitative system should be 
used. The one proposed 1S a simple subjective rating 
system that addresses the probability of achieving 
advertised technical specifications within cost and 
schedule £14]. The ftollowing factors are addressed: 

(a) Schedule - ability of R&D Froqram to meet 


milestones. 


(6) Technical - ability of the technoloay to achieve 
advertised performance, size, etc.. 


le) Cast - ability of proaqram to remain within R&D 
acquisition, and O&#S cost estimates. 


AS 





NiiGin 


(a) 


(b) 


(c) 


| ie 
21 


technical 


schedule risk is considered to be low, moderate, or 


according to the following definitions: 


Low - current schedule and funding will provide 
Approval for service Use (ASU) or full-scale 
demonstration by IOC minus 8 years. 


Moderate - current schedule and funding will provide 
ASU or demonstration by IOC minus 6 years. Note 
that this is prior to lead ship contract award. 


High ~- current schedule and funding will not provide 
ASU or demonstration by I0C minus 6 years) and 
ability to accelerate 1s either impossible or 
unknown. 


risk categories are defined for assessing the 


risk. Since the objective is to achieve operational 


ship capability, the low risk category will imply the system 


has been demonstrated satisfactorily. This definition is used 


to calibrate the remaining cateqories. 


(a) 


(6b) 


(c) 


(d) 


(e) 


Low = Technology has been demonstrated 
satisfactorily ona ship or at atland-base test 
site. Detailed plans exist for implementing. 


Moderately Low - Some testing has been done on ships 
Or land-based test sites. Results and scaling laws 
are sufficiently understood to permit design within 
acceptable margins. Some unknowns remain but their 
impact 15 umlikely to cause major redesign. 


Moderate - Some data exists to indicate that the 
approach is valid. Unknowns still remain which 
could require same redesign. 


Moderately High - Some testing has been done or 
experience gained but results have not been totally 
satisfactory. Several unknowns exist and as they 


are resolved redesign will be likely. 


Hiqh - Technology base 1s mainly theoretical and 
what testing has been done has not been conclusive. 
Linknowns exist ain sufficient quantity to make any 
desiaqn effort highly conceptual. 


4z 





Cost is probably best handled in narrative form. 
The projected funding requirement of the R&D program, and 
the accuracy of projected acquisition, and operating and 


support costs should be discussed. 


228) TRIN 59 5 TO NT tne BRI Sp 


Table 7 is proposed for organizing the results of 


the impact analysis. The indices listed are 
recommendations,but may not always be relevant. The 
possible indices are infinite. It 1S suggested that a 


standard set be used; additional ones may be utilized 
depending on the technology being evaluated. For 
example, it may be interesting to present a comparison of 
fuel conservation in terms of NM/LT for a technology 
which provides a reduction in SFC. 

Table 8 is proposed for discussing the impact of the 
technology. The evaluation includes identification of 
Significant impact areas, a discussion of the 
difficulties encountered in exploiting the technology, 
and most importantly, identification of areas for further 


investigation. Unfavorable recommendations may be made 


concerning the application. However , evaluators should 
not condemn the idea. They should point out the 
attributes that could result from other possible 
applications Piel wel time integration with other 


technologies. 


a4 


1. 


rJ 


Note: 


Table 7. 


Combat System 
Capacity 
Military Fayload 
Int Deck Area 
Effectiveness 
Arrangeability 


Sueyrvabr lity 
Signatures 
IR 
Foe 
Noise 
Visual 
Pieoreec ii on 
HKlast 
Frag 
NBC 
Shock 


Mobility 
es 
Ve 
Range 
Maneuverability 


Seakeeping 
Rank Factor 
Roll Feriod 


Operability 
RMA 
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THRESHOLD 
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RECOMMENDED FORMAT FOR COMPARISON 
OF MAJOR CHARACTERISTICS 


BASELINE VARIANT 
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DIFF % = 100» (Variant-~-Baseline) /Baseline 


_DIFF % 





COMPARISON OF MAJOR CHARACTERISTICS (CONTINUED) 


THRESHOLD BASELINE VARIANT DIPrF A” 
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i. Margins 
Acquisition Weight 
Acquisition FG 
Space 
Acq Electrical 
See lectrical 
Fropulsion Fower 
Accommodations 
Semength 


DOr ale - 

A oie Se 

On O7 
2). O% 
REL OR D7: 

8.07 
10.07% 
eect EST 


2. Standards *& Fractices 
GM+/E 
Pols 
Manx Frimary Stress 
Correlation Allow 


oe 


eOOws 


ees aewieetrwemetrcers be nae rte eco te we Min pereeiy cme SS ee Se comm 


1. Gross Characteristics 
ae 
Ream 
Draft 
Depth 
Displacement 
Total Volume 
GM-+ 
Disp Lgth Ratio 
Volumetric Density 


2. Powering 
SHF x 
SHF 
FCe 
SFCe 

2. Ship Service 
Fropulsion Load 
Average Load 
Feak Elec Load 
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COMPARISON OF MAJOR CHARACTERISTICS 


eet grt = 
Wice 
Waoa 
Woo 
Wace 
Wsoo 
Waoe 
Weoeo 
Acgusition Margin 
Lightship 
Loads 
Fuel 
Ship Ammo 
Aviation 
Fuli Load Weight 
Full Load KG 
Lightship EG 

ae Volume 
Hill 
Deckhouse 
Ya Mission 
Vo Human Support 
venonip Support 
Vea Mobility 
Vs Unassiaqned 
Total Volume 


4. Manning 
Officer 
Cre 
Enlisted 
Accommodations 


East 


1. R&D Cost (10 yrs) 

2. ACGUISIition Cost 
Lead Ship 
Follow Ship 
Average 

+ Operating ® Support 


Risk 





1. Schedule 
=. lechnnical 
o. Cost 
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____ THRESHOLD BASELINE 


(CONTINUED) 


VARIANT 
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Table 8. RECOMMENDED FORMAT FOR DISCUSSION 
OF TECHNOLOGY IMPACT 


MeeeSochiperon of Tradeoff 


Brief explanation of how technology was incorporated 
into the design. 


COM St Rone mmm FAG ee 


1 ll eaten teat heen nnenlenne het ith teen emda Tae heen ee 


List indices which showed improvement. 


Fo DEO TORRES Or: am Oe OOS TET HES FO ORO A OES RO Gt! RED OY Ee OE Oe EE AE SS Oe PE FEE MR RS OS RN 


List indices which degraded. 


Difficulties to Exploit Technology Fully 


tf 


Discuss difficulties encountered in achieving the maximum 
payoff potential of the technology. This may include design 
practices/standards, space requirements, etc.. 


6. Recommendation 


Ao oe a Se IE EOE FO OE EE BH 


Make a recommendation concerning the application studied. 


7. Areas for Further Investigation 


ORNS 168 04 8 Re en SR A RBS N88 eh SRNR Mm 


Identify possible synergistic combinations, alternate 
approaches to exploiting the technology, etc.. 
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CHAPTER 3 


TECHNOLOGY EVALUATION TOOLS 


eo nite oduction 


Design tools are the cornerstone of our ability to 
conduct technalogy evaluations. The lack of models available 
for the early stage assessment of changes in mission 
effectiveness due to changes in combat system performance, 
PMiavivability, mobility, Sseakeeping, and/or operability, has 
resulted in technologies being evaluated primarily in terms ot 
Snoip impact (Size and configuration) an cost. Other 
considerations such as reliability, rai “d moise, risk, etc. 
are usually handled qualitati ae However, it is difficult, 
wore example, * scribe the advantage of being able to 
Operate an 1 helicopter 10% more of the time because of 
reduced ship motions without a quanitative measure of mission 
effectiveness. This is an area with potentially hiaqh payoff 
for selling new technologies and should be given ~«more 
attention. 

Table 9 summarizes the current status of technology 
assessment tools. ASSET was developed specifically for 
determining the ship impact of a broad spectrum of 
technologies. Since this thesis deals extensively with ship 
impact analysis, the ASSET program will be explained in detail 


in the next section. 


Ag 


Table 9. EVALUATION TOOLS 


1. Ship Impact 
eeaooe | 


2. Cost Models (Acquisition and Life Cycle) 
* ASSET Cost Analysis Module 
jem FRICE 
* FAST 


=. Ferformance Characteristics 
a. Combat System 
(eae el 
Deel yiVYability 
Signatures 
eiccomncnhUSSe Model) 
alin SL REOS? 
- Acoustic (In Development) 
- Wake (Nonexistent) 
Vulnerability 
* SVM 
* Paini-SVM (In Development) 
Hem licy 
Speed/Range 
* ASSET Ferformance Analysis Module 
Manuevering 
* MANAST 
d. Seakeeping 
* ASSET Seakeeping Analysis Module 
SMF 
e. Operability 
* RMZA Models 
#. Klannming 
= iDM 
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4. Mission Effectiveness Models 
* SIDS 


=. Risk (Nonexistent) 





There are numerous cost models available for estimating 


acquisition, and life cycle costs. Selection of the 
appropriate madel depends on the amount of iunformation 
available and the level of accttracy required. Cost was 


addressed in this thesis using the ASSET Cost Analysis Module. 

There 15 no integrated set of models for evaluating the 
various performance features of a ship necessary to make an 
assessment af mission effectiveness. Different organizations 
have their own models but many require a level of detail not 
normally available at the early stages of design. For 
example, the SVM model for assessing vulnerability requires 
information on cable runs, location of components, etc., which 
is normally not available umtil detailed design. The whole 
area of mission effectiveness needs considerable work before 
an adequate integrated package can be made available for early 
stage design. 

Risk 1s ustially handled qualitatively. This 
unfortunately depends on the subjective interpretation of the 
person makinq the assessment. Work needs to be done in 


establishing a more rational approach to risk assessment. 





ome 


sec [he Asse! Program 


The Advanced Surface Ship Evaluation Tool (ASSET) 1s an 
interactive, computer-based HMZE technology evaluation tool. 
Its purpose 1s to support rapid but systematic evaluation of 
the impact of abroad range of existing and emerging 
technologies on the size and configuration of Mnaval ships. 
The following discussion of the program was derived from 
reterences [11] and Ci24d, and the ASSET Theory Manuals. 

ASSET employs computational modules with state-of-the-art 
engineering capabilities appropriate for feasibility level 
studies. The proqram’s orientation has been toward technology 
evaluation rather than actual design, however, it 16 currently 
undergoing revisions which will merge it with DDOS, NAVSEA s 
synthesis model for @arly stage design. 

The ASSET "family" currently includes three distinct ship 
types: monohull surface combatants, hydrofoils, and small 
waterplane area twin hull ships (SWATHS). A planing craft 
version also exists but is not yet documented. 

The structure of the ASSET system is illustrated 1n 


Fiqure 4 and comprises five basic components. 


(1) The design team 


(2) The executive program which interprets the desiqner’s 
commands 


(=) The “current model" which is the data list that uniquely 
Beeeribes the ship being studied 





Figure 4. THE ASSET SYSTEM CONCEPT 
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CURRENT MODEL 
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(4) The data bank which stores the parameters needed to 
describe ships and components 


(S) The computational modules which perform the analytical 
Calculations 
The design team is the most important component of the 
system. Computer programs do not release the user from from 
making conscious decisions, but rather offer the freedom to 
explore more alternatives and spend a greater percentage of 
design time in decision-making. 
The executive program is the linking mechanism between 
the user and the computational programs. {ts primary function 
is to interpret the user's commands and execute the 


appropriate functions. 


The current mode] is the temporary data list of 
parameters that describes the ship configuration being 
studied. The current model consists of approximately 250 


parameters which, collectively, are called the model parameter 
esto). The current model is the anly source of data tor 
input to the computational programs and serves as a repository 
for data output by them. To be preserved, the current model 
must be transferred to the data bank. 


Data banks permit the permanent storage of the ASSET 


parameters that describe previously designed ships and 
subsystems of ships called components. Ship data banks are 
used to store the complete MPL for up to 20 ships. Component 


data banks may be used to store user-defined subsets of the 


MFL description. In both cases, data are stored in the data 





bank under a user-selected mame and may be recalled to the 
current model by a simple command. 

The computational modules define the technical 
capabilities of ASSET, hence, they vary depending upon the 
type of ship being considered. The following discussion 
applies to the monohull 1 surface combatant (MONOSC) 
computational modules within version 1.2. The fourteen 


computational modules within MONOSC are grouped into three 


principal Tinted Gm cx types: initialization, synthesis, and 
analysis. This arrangement is illustrated in Figure S&S. an 
impartant distinctian to be made between analysis and 


synthesis modules is that the execution of an analysis module 
does mot change the current module. Each module represents a 
particular ship design discipline with the exception of the 
Initialization and Design Summary Modules. The user has the 
option of executing any ane of the computational modules 
independently. Modules within the synthesis portion may also 
be executed in a sequential loop that achieves a final closure 
when ship weight is equal to displacement. This design spiral 
is indicated by the START, WEIGHT CONVERGENCE, and END items 
Her raure &. 

It is important to note that only a weight equals 
displacement convergence is achieved and that a “totally 
balanced" ship is not quaranteed by the automatic convergence 
On weight alone. To abtained a balanced ship, the user 


employs analysis modules to assess space and stability 


ch 
ch 





Figure 5. 
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characteristics of the weight balanced ship. If e1lther space 
or stability characteristics are found unacceptable, the user 
must decide on the best solution, implement changes to the 
ship, and determine success by repeating the above sequence 
umtil all requirements are satisfied. This 1s a desirable 
feature for certain types of impact studies such as those 
concerned with modifications toa existing ships where hull 
shape and structure are fixed. For studies that involve 
generation of entirely mew ship configurations, where geometry 
and structure are variable, this approach can lead to a great 
deal of user involvement in balancing the ship. Fil anned 
improvement to the program includes an option for automated 
closure om weliaht, space, and stability. 

The following provides a brief description of each of the 


fourteen computational modules within MONOSC version 1.2. 


IMI TIALIZATION ~ The Initialization Module is an abbreviated, 
empirically based version of the Synthesis and Analysis 
Peeerons Of the program. The primary function of the module 
is to improve the starting SOiM:” fer more detailed 
Calculations and iterative procedures found in Synthesis and 
Analysis portions of the program. Hecause it 1S parametric, 
Initialization lacks direct sensitivity to many technologies 
that can be explicitly addressed in the more detailed 


Synthesis and Analysis modules. 


Lh 
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HULL GEOMETRY - The Hull Geometry Module provides the hull 
shape and superstructure as well as internal decks and 
bulkheads. Hull offsets in the Current Model can be scaled 
and warped to define anew hull form and/or superstructure 
that meets required physical characteristics. The Hull 
Geometry Module 15 mot currently included within the automated 
convergence loop. Thus, any convergence 1s for the single 
geometry provided by the module. That 16, displacement 1¢ 


adjusted by changing the draft. 


feeemomaeeiURE - Ihe Hull Structure Module employs a first 
Principles approach to determine the structural scantlingse of 
the configuration defined in the Hull Geometry Module. The 
calculations are based upon pressure loading data which are 
either calculated by the program or desiqner-input. Fer 
example, Hhull-girder bending moments estimated by ASSET are 
based on acurve fit of design bending moments’ from 15 
destroyers and friqates. Flating scantlings are determined at 
three longitudinal locations for the hull bottom, sides, and 
weather deck. Additional scanmtling data are calculated for 
internal decks, bulkheads, frames, qirders, beams, and 
stiffeners. The module does not perform a structural design 
of the deckhouse. The approach is valid for homogenous 
isentropic materials. A material may be selected froma list 
of standard materials (MS, HTS, HYSO, HY100, “HYPsO> ml see. 
or Al D456). Otherwise the material properties must be 


specified by the user. 





RESTSTANCE - The Resistance Module calculates ship drag over a 
range of ship speeds. Calm seas and a clean hull are assumed. 
the total ship resistance is computed as the’ sum of frictional 
resistance, residuary resistance, appendage resistance, wind 
resistance, and aresistance margin. Taylor Series data as 
modified By the application of a speed/length ratio dependent 
“worm curve" are used to calculate reSsiduary resistance. 


Frictional resistance 1s computed using either the ATTC or 


me tTrlction line. 


PeOEEECER™ — The purpose of the Fropeller ‘iodule is to 
characterize a feasible propeller capable of transmitting 
design thrust within the constraints of cavitation, RFM, and 
other considerations. Three propeller types are comsidered: 
Pred pitch , controllable pitch , and contrarotating. The 
user can select among three propeller design methods: 
fee yi ie, iI!ROOST OFee SIGUE: The ANALYTIC method uses 
regression data from the results of a series of lifting line 
calculations. The TROOST method uses data from the Wageningen 
B-screw series. Troost cannot be applied to contrarotating 
propellers. The MODEL method requires user-specified 


open-water data. 


MACHINERY - The Machinery Module performs several functions. 
Electrical power requirements, propulsion engine 
Characteristics, transmission efficiences, endurance frel 


weight, sustained speed, and endurance speed are calculated by 





fas modulew@er specified by the weer. Maximum speed (speed at 
1004 of installed power) is always calculated. The system 
configtiration (engines, transmissions, propellers, etc.) must 


be specified. The options are listed in Table 10. 


WETGHT ~- The Weight Module estimates weights and KGs to the 
“-digit level according toa the U.S&. Navy’s Ship Work 
Breakdown Structure (SWHS). The majority of weights are 
estimated by epirical formulae. The module permits the user 
to adjust the estimated weight and center of gravity of each 


weight group. 


DESIGN SUMMARY - The Design Summary Module produces output to 
the user that summarizes the results of computations of the 
Six synthesis modules. Output from the Design Summary Module 
1s often more convenient to scan than output from each of the 
synthesis modules. This module can also provide a matrix 
format listing of combat system information from the Current 


Model. 


PERFORMANCE ANALYSIS - This module calculates the performance 
characteristics af the desigm over a wide range of conditions. 
The Ferformance Analysis Module considers fouling effects of 
marine orqanisms, degradation of machinery with time, mission 
profile, and sea state. A variety of low speed and oft-design 
performance characteristics may be estimated within this 


module. 
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Table 10. ASSET MACHINERY PLANT OPTIONS <?? 


Maim Engine Type Gas Turbine, Diesel, Gas 
Turbine and Steam (COGAS) 


secondary Engine Type Gas Turbine, Diesel, COGAS, 
None 

Ship Service Type Gas Turbine, Diesel, Propulsion 
Derived 

Transmission lType‘=? Mechanical, AC/AC, DC/DC, 


Ae, DE, DESA~DES. AG, DES 


Fropeller Type Fixed Fitch (FF), Controll@ble 
Fiteh (Ch), Copreraretarinerttr) 


Notes: 


(1) See ASSET Theory Manuals for selection implications and 
Mimi tations. 


(2) The first acronym indicates generator type and the second 
specities motor type. For example, AC/AC indicates an AC 
generator with an AC motor for propulsion, both water 

cooled. Only one type of totally superconducting 

(DCS/DCS) system is considered. The AC/DCS system has a 

hormally conducting AC generator with a superconducting 


Demet OF . 
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HYDROSTATIC ANALYSIS —- This module provides the capability to 
perform a detailed hydrostatic analysis including curves of 
mem. Intact stability, floodable length, deniaged Se8tic 
stability and maximum vertical center of gravity positions 
allowed by NAVSEA Design Data Sheet DDS ©79-1 criteria. This 


module is Dbased on the Navy Ship Hull Characteristics Program 


CSHGr) . 

Bent EEF ING SINR eS 0S ies The Sseakeeping Analysis Module 
calculates a relative ranking based on the work of WN.EK. 
Hales. Ranking is assumed to be a linear fumction of six 


geometric parameters characterizing the underwater hull form. 
The ranking 18s for a normalized displacement of 4200 tons and 


considers pitch and heave motions only. 


COST ANALYSIS - The Cost Analysis module estimates ship costs 
for the purpose of tradeoffs and comparative evaluations. 
Hoth unit acquisition and life cycle costs are addressed. 
Simple empirical relationships based on the SWERS weight group 
estimates are used to estimate construction costs. Life cycle 
costs are estimated utilizing a variety of data. The 
algorithms used in this module were adapted from the the 
Advanced Naval Vehicle Concept Evaluation (ANVCE) study cost 


module. 





SFACE ANALYSIS —- The Space Analysis Module estimates the 

total volume and area requirements of the ship based on 
empirical formula and standards. The space statement follows 
the Navy Ship Space Classification System (SSCS). If the 
generated space estimates prove to be unsatisfactory, the user 


can make adjustments. 


MANNING ANALYSIS - This module allows the user to estimate 
manning requirements from two perspectives: departmental and 
functional. In departmental manning analysis the number of 
officers, petty officers, and enlisted men assigned to each 
department 15 calculated. The functional workload analysis 15 
estimated using eight assumed manpower requirements “for 
readiness Condition III (Wartime Steaming). The weight driven 
algorithms used in this module were developed from U.S. Navy 


historical manning data for frigates, destroyers, and 


cruisers, 


The majority of computational modules employ analytical, 
rather than empirical, algorithms. This approach allows the 
user to investigate a large number of configurations and 
technical options. A sample list of HM2E technologies and an 
assessment of ASSET‘s current capability to handle them 1s 
provided in fable il. It is worth mentioning that the ability 
PEMEGGRMGtruect sich a chart is #« tribute to the superb 
documentation which adds immeasurably to the program’s 


Peel ity. 


Table ll. 


Functional Area 


i. 


Containment 


le 


aie 


Material 
alles 
iyo) 
HSLA 
Al S086 
NAVTRUSS DEHS 
* Composites 
Structural Concept 
* Lt WT Foundations 
* No Frame comcept 


* kK RK Kk 


err OoLcection 


¥*% 
a 
¥. 
* 
¥ 


=; 


yeeesi blast 

RCS reduction gqeom 
Magazine protection 
VLO Armor 

KEVLAR 


oe Main Propulsion 


a. Main Engine 


x. 
ms 
% 


COGAS 

CODOG 

TAG 

TR Reduction 


b. Transmission 


% 


*¥ K€ * KK 


+ 


AC/AC Liq Cooled 
Superconducting 
Geared Elec Drive 
SpligeyerleG gears 
Hardened qears 
Mech Cross Connect 
Composite Shafting 
Rearing in Fost 


Gee rrooulsor 


a 
% 
e58 


ouage 


¥ 


a i SS 


Contrarotating Frop 
Water jet 
Fods 


=o. Electric Machinery 


Frop Derived S56 
Rotary Engine SSG 
Swi Factor Corr 

Lt WT Cable 
Advanced Katteries 
Fuel Cells 

Fly Wheels 
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ASSESSMENT OF ASSET MONOSC’s ABILITY TO EVALUATE 
THE SHIP IMPACT OF 


DIFFERENT HM&E TECHNOLOGIES 


How Technology Would be Handled 


Directly Indirectly Cursorily 


=F 
S 
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ASSESSMENT OF ASSET MONOSC (CONTINUED) 


How Technology Would be Handled 


Functional Area Directly Indireagetly Cttrporily 


4. Auxiliary Machinery 


* Fralirie Masker 


* CFS ; 
oaiatmeotahi teers x 
ewe ct Control Fins % 
* Reverse Osmosis 
* Rotary Air Comp se 
oine Fr LOL ng A 


eee OUttit7iuman Support 


* GRF Ladders 


Rating System: 


Directly —- The ability to Evaluate the technology was 


specifically designed into the program. The 
technology can be incorporated by selecting the 
appropriate indicator option. 


Indirectly - The flexibility to correctly model the technoloay 


was designed into the program. The technolay can 
be incorporated by setting an indicator to OTHER 
and supplying the necessary data and/or making 
manor weight/volume adjustments. 


Cursorily - Automated closure feature of the synthesis loop 


can mot be used. Extensive analysis outside of 
the prodram 18S necessary. Additional algorithms 
would have to be incorporated into the program 
before it could adequatedly model the technology. 


Notes: 


ee) 


Table reflects ability to determine ship impact, not the 
aon d1tiy to assess vulnerability, Signatures, 
operability, etc. 


List is by no means all anclusive. Intent 1s to provide 
a sampling to give an indication of the wide range of 
technologies that ASSET handles and to provide some 
Guidance in future development of the program. 





CHAFTER 4 


ASW FRIGATE CASE STUDY 
Tee omer Oduction 


This case study was conducted in order to validate the 
proposed methodology for the assessment of emerging 
technologies for naval combatant ships. The steps used in 
carrying out this case study are outlined below. 


(1) Develop a baseline ship following the guidelines of 
section So 


oa 
te 


feo Conduct a technology survey and select candidate 
technologies. 


(3) Write up technology characterizations. 


(4) Ferform individual technology impact analysis following 
the quidelines of section 2.4. 


(Si Present tradeoff for the decision maker. 


(6) Ferform an integrated technology impact evaluation. 


G frigate was chosen for this study because of its’ 
timely mature and hope that the results of the technology 
impact evaluations will be useful in the Naval Sea System 
Command’s (NAVSEA) efforts. Figure 6 displays “the sequence 
followed. 


The initial action consisted of amission analysis and 


statement of need for the ship. From this analysis, 
performance requirements were specified and a desiaqn 
philosophy was established. Once the requirements had been 
determined, subsystems that would meet the performance 
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Figure 6. CASE STUDY APPROACH 
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requirements and be acceptable to decision makers vere chosen 


for the baseline ship. This translated to using "off the 
shelf" systems or ones that were sufficiently along in 
development to be considered fairly low risk. Design 


standards and practices to be employed in the design were 
chosen. Since the design is a conventional monohull, standard 
USN design practices and criteria were utilized. 

The baseline was balanced in space, weight, stability, 
and enerdy. The design was then analyzed to ensure it met the 
performance requirements and to obtain the data necessary for 
the tradeoff studies. Once a statisfactory baseline was 
Qbtained, a technology survey was conducted. From1sing 
technologies with potential payoffs in terms of improving 
military effectiveness, enhancing operability, reducing ¢1 ze, 
and reducing cost were selected for impact studies. These 
technologies were then characterized in the format recommended 
ma SeGUhOMm 2. =. Ship impact was determined using ASSET. The 
effect on seakeeping was evaluated using Walden’s extension to 
Rales’ work given in Reference (€17]. Cost was assessed using 
ASSET’s Cost Analysis Module. A crude risk assessment was 
then made of the design variants so that a risk-versus-benefit 
appraisal could be made for incorporating each of the 
technologies. The results of the individual technology impact 
studies were presented and the synergistic combination which 


appeared most promising was then integrated into the baseline. 
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4.2 Mission Analysis 


OE AMIR NS ab etrtatites By 8 ee 


The motivation for the design stems from the meed for a 
replacement frigate for the Knox and Garcia class frigates. 
In addition, aA means to counter the increasing threat of the 
cruise missile muclear attack submarine (SSGN) is meeded. 
Mission analysis calls for an Anti-Submarine Warfare (ASW) 
escort capable of operating at considerable distances from the 
carrier in a hostile environment. Comsequently, the ship will 
need to have a low sigmature, to possess significant sensor 
advantages aver the SSGN, and to be equipped with standoff ASW 
Weapons. In addition, because the submarine 1s little 
effected by sea state, the frigate must be capable of 
performing in severe sea states. Since it will be operating 
with a carrier battle group, it will require am endurance and 
sustained speed compatible with other units in the qroup. (a) 
minimum of thirty ships, two per aircraft carrier (CV) battle 
group, with an initial operational capability (TQC) of 2005 15s 


deemed necessary. 
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4.0 Ferformance Requirements 


The performance requirements for the ASW frigate are 
summarized in Table 12. They reflect an overall feeling that 
the design should be a highly capable ASW platform and not 
simply an economical escort with mediocre capabilities. 
However, it 1s not intended to be a multimission destroyer and 
hence, possesses only self defense capability in AAW and SUW. 

The frigate will operate at considerable distances from 
the battle group. Therefore, alow detectable signature is 
essential for the survival of the platform. Radar cross 
section (RCS) and infrared (IR) levels should be better than 
DDG-S1l, while acoustic and wake levels should be better than 
aS Go 0 RCS and IR reductions will be primarily achieved 
through arrangements and hull/superstructure configuration. 

Redundancy of vital equipment and fault tolerance of 
digitally multiplexed systems are also extremely aiumportant 
factors for the ship’s survivability. Ability to prevent the 
"cheap kill" must be designed into the ship from the onset. 
This includes fragmentation protection of cable runs, vital 
spaces, and topside equipment. In addition, imaginative 
arrangement schemes can reduce the probability of losing all 
combat capability with a single hit. 

An endurance of 4500 NM is justified because of the 
distances that the ship will be operating away from the rest 


of the units in the battle group. A sustained speed 





Table 12. ASW FRIGATE PERFORMANCE REQUIREMENTS 


imeoembat Capability 


* Command and Control 
BeContrmol ASW aircraft 
~ Integrate ASW sensors 
- Two way data link with battle group 


* Area capability in ASW 
~ Passive detection and localization 
-~ Active ranges to second convergence zone 
—- Standoff weapon delivery capability 


* Sel? defense capability in AAW and SUW 


alisvieut lity 


= oi qgnatures 
menceoeamd IR better than DDG—-ol 
—- AcoOUstic and wake better than DD-963 


* Frotection 
—- Blast (3 psi) 
—- fraq (Level II - cable ways, vital spaces, 
magazines, topside equip) 
= NEE (partial CFS) 
—~ shock (.2 Keel Shock Factor) 


3» Mobility 


* Ve > 24 ET im Sea state 4 

* Endurance of 4500 NM at 20 ET 

* Stores period (dry 45 days, chilled 30 days, 
frozen 45 days, general 45 days) 

* Manueverability consistent with other escorts 


4. seakeeping 


* Conduct flight ops 75% time winter N. Atlantic 


* Sonar not significantly degraded through 5.5. so 


| as 


os Operability 


* Similar to FFG-7 in onboard maintenance and 
Ssustainabiliy capability 


Zi 





ASW FRIGATE FERFORMANCE REQUIREMENTS (CONTINUED) 


6. Manning 


* No unit commander 
* Accommodations similiar to DD-963 


7. Flanned Use 


A I SRM TS 


* Environment 
- Operate all oceans 
~ Most severe: Winter N. Atlantic 


* Operating Frofile 


Speed —- ET % time 
6 tate 
i4 a 
20 mie: 
=4 =o 
Annual operating Hrs ~- 2500 





requirement of 24 knots in sea 


realistic than a calm water speed 


The frigate must be capable 


even during winter conditions in 


North Sea. Hence, it 


able to conduct 


the time (any heading) during 


Sullte must mot tbe 


the ship should be at least as 


expected to be similar to 


and combat system). 


derived from a standard 


tn order to assist in 


guidance for tradeoff 


presented in Table 12 was 


the desiqn 16 a signature 


engagement of subsurface 


against the battle group, even in 


Since the frigate 


im advance of the carrier, 


important considerations. 


capable ASW platform. Hut since 


in only one major warfare area, 


less expensive than a 


anticipated that the ship will 


was determined that 


helicopter flight operations at 


Significantly degraded. 


DOR=T6s 


The projected 


subsystem selection 

decisions, 
developed. 

and 


threats prior 


will be operating in 


mobility 


multimission 


state 31S considered more 
requirement. 

Of conducting ASW operations 
the strategically important 
the ship must be 


least /3S2% of 


winter conditions and the soner 


The operability of 


good as FFG-/7. Manning 15 
(based om anticipated size 
operating profile was 


escort mission profile. 


and provide 


the design philosophy 


The overriding goal for 
ASW 


Capability allowing 


to weapons) launch 


severe sea states. 
patrol areas far 
are 


and operability 


The ship 15 intended to be a highly 


it possesses area capability 


it should be significantly 


destroyer. It 16 


serve over a lifespan of 20 





TABLE 13. ASW FRIGATE DESIGN PHILOSOPHY 


i ASW Capability (10) 

ie olignature (10) 

<. o@akeeping (8) 

jeeenohiol tty CG) 

as Operability (4) 

ee Acguisition Cost (4) 

7. Self Defense Capability (=) 
Serr acvection (3) 

Po leGnnicalt Risk (2) 


19. Qperating and Support Costs (2) 


Notes: 
(1) Grder should be construed as a prioritization. 


(2) Numbers in parenthesis represent weighting factors 
for tradeoff analysis. 
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years, hence 1t 1S appropriate to address operating and 
support cost. However, in order to afford at least 30 ships, 
acquisition cost should be given priority. 

If the ambitious goals of the design are to be achieved, 
it will be necessary to embrace emerging technologies. This 
reguires that a significant degree of risk will have to be 
accepted. However , the level may be reduced by applying 
efforts early to minimize the risk in the critical areas 


identified by the impact studies. 





eet Baseline Development 


Development of the baseline ship began with 
identification of feasible subsystem candidates. The major 
subsystems (combat system, hull form, and propulsion plant) 
were narrowed down first. Conceptual sketches were drawn of 
various configurations, and the most feasible selected. Then 
the remaining subsystems were selected, design standards and 
practices such as margins, stability criteria, etc. were 
determined, the design was balanced, and then analyzed to 
ensure it met all the performance requirements. 

The combat system selected for the ASW frigate is 
Summarized in Table 14. This combat suite will provide the 
frigate with adequate sensors and weapons to allow the ship to 
engage the submarine pricr to weapon launch aqainst the battle 
Gir OU . In addition, the suite provides sufficient self 
defense capability in both AAW and SUW for the frigate to 
operate in a hostile environment at distances up to 250 NM 
from the carrier. An air search radar 15 not provided. This 
is considered consistent with maintaining a low siqnature and 
UuSing passive detection. Mutual support will be provided by 
the Combat Air Fatrol (CAF) and AEGIS platforms. 

In the area of command and control, the frigate will 
possess an advanced ASW control system that will = provide 
integration of sensor data, assist in classification = and 
target localization, and provide tactical information to the 


battle group via a directional data 11nk. 
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Table 14 ASW FRIGATE COMBAT SYSTEM DESCRIPTION 


Command & Control 


0 oS —— ss 


Integrated ASW Command & Control 


Ce oe ERE AE RS EES SI 


FPRG-7 EX teri OmeGonm Surte 


Sensors 
Surface Search Radar 
Navigation Radar 
IR Dectector 
Fassive Conformal Sonar Array 
Towed Array 
Low Frequency Active Sonar 
Active ECM 
ieee Fis 


7omn Gun - AA Module 

Two CIWS (12000 rds) 

Tactical VLS (32 cell ASROC/Harpoon) — A Module 
VL Seasparrow (16 missiles) —- AA Module 

SRBEOC 


MESS SVTT 


Aireratt 
Shree LAMPS IT! 
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In order to offset future threat quieting, coating, and 
operational capabilities, the ASW frigate will need to possess 
a highly advanced integrated sonar suite. The system that 15 
envisioned 1S similar to that being considered for our next 
Generation of fast attack nuclear submarines (SSN). It will 
provide bottom bounce and second convergence zone detection, 
improved tracking and localization accuracy, and integrated 
sensor data and information processing in support of 
targeting. As a result, the acoustic arrays will be much 
larger than those currently on surface combatants and the 
impact on the new desiqn will be great. 

The sonar suite for the frigate will probably be 


comprised of the four basic subsystems listed below. 


(1) Contormal Array 
(2) Towed Array 
(3) Low Frequency Transmit Array 


(4) Integrated Signal and Information Frocessing 


The exact configuration of the subsystems (1.e., geometry 
of arrays, multi-line or simple towed array, etc) is not yet 
solidified. However, weight and size estimates are obtainable 
from first principles. The large acoustic arrays could either 
be placed behind a dome, located exterior to the hull and 
faired, or recessed in the hull lines. The recesed array 
option appears to be most advantageous from a ship impact 


standpoint and was therefore selected for the baseline 


The: 





frigate. some acoustic problems may exist with recessed 
arrays. 91qnal processing becomes more complicated and hence, 
expensive with an array that possesses double curvature. But, 
the advantages of better survivablity, powering, and less 
weight make the option attractive. 

The major weapon systems (Tactical Vertical Launch 
system, Vertical Launch Seasparrow, and 7émm Gun) use standard 
modules developed by the Ship Systems Engineering Standards 
fooeog) Frogram. These standards minimize the costs of ship 
conversion and repair, and increase the availability of the 
platform. Other weapan systems carried include 20mm Close In 
Weapon system (CIWS), and Surface Vessel Torpedo Tubes (SVTT). 


After the combat system was selected, hull/superstructure 


configurations were investigated. The conceptual sketches 
shown a Figure vs represent the results of this 
ee carming”. The first configuration shown has an 
elevator and hangar deck. Though highly desirable from a 


flight operations standpoint (minimum superstructure to shed 
vortices), the weight, S1lz@, and maintenance requirements of 
the helo support equipment were considered excessive. The 
next concept was an attempt at a forward flight deck. This 1s 
preferred by the aviation community because it avoids the 
turbulence problem. However, this configuration was ruled out 
because the flight deck would be unservicable in high sea 
states. The third configuration was the one chosen for the 


baseline. It is a tairly conventianal arrangement with the 
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Figure 7. ASW FRIGATE CONCEPTUAL SKETCHES 


(1) Elevator and Hangar Deck 
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(2) Forward Flight Deck 


—— tasca | 





(3) Conventional 
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hangar in the superstucture and the flight deck aft. However, 
the relatively small superstructure enhances survivability and 
flight operations. Once the basic configuration was chosen, 
it was then possible tao select the subsystems listed in Table 
13 for the baseline. 

HULL =&3, developed at the David Taylor Naval Ship R&D 
Center (DTNSRDC), was chosen for the parent hull form because 
of 1ts’ superior seakeeping and resistance performance. The 
methodology that lead to tlie “HUEL 22 “contfiguratyon a 1 
documented in Reference CiSJ. This hull form is characterized 
by a large waterplane, sharp "V" sections in the forebody, "U" 
sections in the afterbody, and a wide transom stern. 

A minimum size steel superstructure with 10 degree flare 
was preferred because of survivabllity and helo operations. 
High Tensile Strength steel (HTS) was chosen for the Aull and 
superstructure material because it is the de facto standard 
and would provide a qood basis for material tradeoff studies. 

Electric drive was selected for propulsian because it 1s 
inherently more survivable than conventional mechanical drive 
systems (redundant power paths and arrangement flexibility). 
Also, it cross couples the shafts providing fuel savings by 
allowing cruising on one gas turbine. Water cooled AC motors 
and generators were utilized for their improved power density. 
Direct drive was selected because of its’ simplicity. 

Gas turbine ship service generators were favored over 


diesel due to ae oust 1c considerations. The aulitiiaarwes and 
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Table 15. ASW FRIGATE BASELINE SUBSYSTEMS 


ee 


6. 


Combat System 
—- see Table 3-2 


Containment 
Seine. EE Orm = HULE 22 Variemt 
eiaterial) = HES 
Cc. Superstructure -—- Min size, HTS, 10° flare 


Eeapuls1on 
a. Main Engines —- Two LM2500 Gas Turbines (GT) 
b. Transmission —- Direct Drive Electric 
(Water cooled AC/AC) 
Sew eropulsor — Win Screw, Fixed Fitch ‘<FP) 


Eleeatic Flant 


a. Frime Movers - GT 
b. Generators -~- Four 1500 EW 
Cc. Frequency Conversion —- Solid State 


AuUxLTliaries 
a. Electric auxiliaries 
Pew artial CFS 
c. Fraire Masker 
d. Twin Rudders 
e. Anti-Roll Fins 
f. STREAM UNREF gear 
gq. Compensated fuel system 


Outfit/Human Support 
a. Habitability - modern 
b. Stowage - Vidmar 





human support are fairly conventional and require little 
explanation. 

Gnce subsystem selection was complete, the desiqn was 
balanced using the Advanced Surface Ship Evaluation Tool 
Goo |). The Initialization Module was run to achieve design 
consistency and to obtain an estimate of hull size. The 
results showed that if the ship was constrained to float at 
the design waterline defined by the HULL 23 geometry, it would 
have significant volume beyond that required by the payload 
and support systems. While the concept of an "enlarged ship" 
1s Viable, it violates entrenched design practice and will not 
be investigated; the excess volume would cloud impact studies. 
Consequently, the synthesis section of ASSET was run, allowing 
the ship to float at a deeper draft. This was done to achieve 
a space balance and toa allow adequate immersion of the sonar 
arrays. A raised deck similiar to the Edkins’ proposed deck 
in Reference C20] was added to meet the minimum freeboard 
requirements specified in Desiaqn Data Sheet (DDS) O79-2. 

The minimum size of the superstructure was estimated from 
combat system deck area requirements and past designs. For 
example, Dilot house and uptake requirements were obtained 


tron rPrG-/7 data. The size estimate 15 presented in Table 14, 


and the rough layout is displayed in Figure 8. This estimate 
1S needed because ASSET requires the size of the 
superstructure as an input. Once the superstructure size was 


estimated, the length between perpendiculars and beam were 





Table 16. 


NOTE: 


ASW FRIGATE 


MAIN DECK 


Helo Hangar 
Uptakes 

Torp Mag 
Sonobuoy strm 
Plagne Equi p 
Decoan 


BRos‘n Strm 


Qi LEVEL 


Helo Hangar 
Uptakes 

CO Sea Cabin 
Radar Equip R 
EW Equip Km 
Flec Clg Equi 
Water Closet 
CIWS Mag 

Fan Km 


One LEVEL 


Filat House 
Chart Rm 

Helo Control 
Signal Bridge 


Total Required Area 


Uptake estimate 


SUPERSTRUCTURE ESTIMATE 


AREA CFT2] 


2000 
594 
gee 
267 
260 
ZOOM 
100 


IOS4 


Total 


SOO) 
594 
ee) ©, 

m 400 

2OO 

1SO 

BO 

144 

ea] © 


J068 


pb Rm 


Total 


rap 
8c) 
60) 
60 


Total 712 


108.24 


(2/22) 
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includes centerline passaqeway 





Figure 8 ASW FRIGATE PRELIMINARY SUPERSTRUCTURE LAYOUT 
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adjusted until a design balanced in weight, stability, space, 
and energy was achieved. The characteristics of the resulting 
baseline design are given in Table 17. 


The data Was sScrutinized to ensure the baseline was a 


reasonable design. The following items were examined in 
detail. 
(1) Aesthetics - The design looks sleek and uncluttered (see 
aor Viet Figure 9). Freeboard forward was driven by 
DDS O79-2 requirements, but it appears excessive. The 


droop smout proposed by Kales may be appropriate if 


firing arcs, visibility, and/or weight become an issue. 


eee o oem ict ACteribtics —- The large Senar suite impacte 
heavily on the design. Gnce this 18S considered, the 
basic parameters appear quite reasonable (See Reterence 


C233 for normal parameter ranges for USN monohull surface 
combatants). The displacement to length ratio 1s higher 
and the L/B ratio 1s lower than desired for powering. 
But when the payload and steel deckhouse are considered, 
the numbers are justified. The payload is relatively 
dense compared to the volume intensive missile ships. 
This accounts for the high payload fraction and 
volumetric density. The deep draft is to immerse the 
sonar. The steel deckhouse and raised deck resulted in 
the low L/K ratio in order to obtain adequate stability 


at the lenmaqth dictated by a space balance. 


836 





(2) 


(4) 


(3) 


(6) 


(7) 


Fowering ~ Fowering performance is remarkably good for 
such a short beamy hull. The propulsive coefficiemt (FC) 
at endurance 15 suspect. Further investigation reveals 
that the high FC is due to a high open water propeller 
Sftverency (1.78). The analytic results were verified by 
a troost calculation (0.76)3 thus, the high efficiency 
can probably be attributed to the large diameter and low 
RFT of the propeller 

oOhip Service ~- The peak EW requirement appears to be low 
in comparison to the average. This 16 due in part to the 
poor definition of the combat system requirements and 1n 


part due to questionable estimating algorthms in ASSET. 


Weight - Fercentages are allocated as expected. The 
group one weight fraction is somewhat low. This can be 


attributed to the structural efficiency of a short beamy 
hull with arelatively large depth, and to the use of 
HTS. Group 400 weight fraction appears high because of 
the practice of including sonar water .i1n with 
electronics. 


Seattle ey ~ Ine metacentric height is adequate. 


Arrangeability - In addition to a volume balance, the 
required arrangeable deck area was compared with 


available deck area to ensure there was adequate space. 
The large objects given in Table 18 were laid out in 
Figures 10 and it to verify they could be adequate 


arrangement in the baseline ship. 


87 





(3) Margins - The desiqn is well balanced with sufficient 
margins. The electric margin is exceptionally close 
considering the fact that standard size generators must 


be used. 


In summary, the baseline appears to be highly plausible. 
It 165 well balanced, meets basic performance requirements and 
1s not too extreme. It 1s fortunate to note that the theory 
has been written, Reference [C23], for a comparative analysis 
madule for ASSET which will perform most of the design review 
necessary to assess design reasonableness. 

A seakeeping analysis and cost estimate were performed on 
the baseline to obtain additional data for the technology 
assessments. The sGakeeping analysis 15 a simple prediction 
based an Hales’ seakeeping rank factor with the Walden 
extension that incorporates the effect of displacement. The 
resulting factor of 13.0 for the baseline 1S compared with 
other known designs in Figure 12. As expected, the baseline 
ship 1S Significantly better than current designs. However, 
it 16 ranked somewhat less than the HULL 22 parent. This 156 
due in a large part to the higher T/L ratio of the baseline 
desiqn. It is interesting to note that the Hritish desiqners 
believe that the T/L term in Bales’ equation has the wrong 
sign. They base their criticism on the fact that likelihood 
of slamming is increased as T/L 1s decreased. Therefore, 
differences in the ranking between the baseline and the HULL 


feo Parent should probably not be of concern. 
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Figure i= represents the concept of equivalent 
dispacements to achieve equal Rhat rankings. Using the 
FF-1052 design as an example, it is shown that FF-1052 would 
mavyve LO be Scaled (geosim-ed) to approximatelky 7300 stone to 
achieve the same ranking. Similarly, the equivalent 
displacements (to achieve FR = 13.0) for FFG-7 and DDG-Si1 
would be 6700 and 6000 tons repectfully. 

Cost estimates were obtained from the ASSET Cost Analysis 
Module. Cost data produced by the module are mot intended to 
be of the quality required for budget planning. The intent of 
the module 185 to provide data which can be used to evaluate 
the relative costs of competing systems. 

Two basic types of cost were computed. The first was 
ship acquisition costs. Cost estimating relationships (‘(CERs) 
are used to calculate lead and follow ship construction costs, 
BieGtlct&, Cost of change orders, NAVSEA support costs, 
post-delivery charges, outfitting costs, and GOSts cot 
hull/mechanical/electrical plus qrowth. Construction costs 
are Calculated as the sum of costs for each major Ship Work 
Breakdown Structure (SWRS) group. Frincipal data used by the 
CERS are weights categorized according to the SWES and a 
series of user specified cost factors (Fn factors) that may be 
used to account for differing costs of technologies. Default 
km values were used for the baseline with the exception of 
structures Geimeup  100)) 4 Cost of the combat system was 


calculated by hand and treated as a user input. Derivation of 
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the Group 190 En factor and payload cost is comtained in 
Appendix A. 

The second type of cost that was estimated 1s Operating 
moc suo porr (O&S) costs. Data used to compute O%S costs 
include average acquisition cost, number of accommodations, 
deferred maintenance manhours, fuel consumption rates, initial 
spares and repair parts, fuel cost, and service life. 

ft 15 important to note that if this was an acquisition 
baseline aiumstead of a technology assessment baseline, cost 
would have heen considered up front with the pertormance 
requirements. An acquistion baseline requires an analysis of 
the Ship Conmstruction Navy (SCN) budget so that a a prediction 
of future allocation cam be made. A design to cost figure can 


then be ascertained. 





Table 17. ASW FRIGATE BASELINE DESIGN SUMMARY 


1. Gross Characteristics 


Length Ketween Ferps A ia EI 
Ream (On DWL) JO. 0 ce 
Draft (To DWL) ie oe = ae df 
Depth (Midship) 38.0 FT 
Freeboard (At FF) Soe ie 
Full Load Disp 2957 vat 
Fayload Weight 67.9. 0) ai 
Total Ship Vol 6qg6 its Fig 
Metacentric Ht 4.83 FT 
Frismatic Coeff O., 600 

Max Section Coeff OO, 8O= 
Fayload Fraction Oe aie 

Disp Lath Ratio 7 2 eee? 
Volumetric Density Pe. So Ee t— 
LEE /E 8 o@ 

R/T 2.266 

B/D lee 

Ghi+/8 Ona57 

Roll Feriod (w/o f1ns5) bo. Or SEC 


ad 


aoe | OWer 1G 


Sustained Speed (Calm Water) 27a ae | 
Endurance Speed 20.00 ET 

Range 4500 NM 

Fuel Weight SOc te) 
Endurance Fower wieriic) lair 

FC at Endurance O. 747 

Endurance SFC 0.3544 LEM/HF—-HR 
Fropeller Dia 1 Geers 

Max Fropeller RFM 140.0 


a a 


cere ship Service 


Fropulsion Aux z6/7 KW 
Avg 24 hr Load 2669 KW 
Feak Elec Load “841 KW 
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ASW FRIGATE BASELINE DESIGN SUMMARY (CONTINUED) 


4. Weight Breakdown 











SWES = Group Weight CLld % CFL veG CFT) 
LOO Structure LS00% 7 ee 24.4 
ZOO Fropulsion 429.6 7 ae Lae 
SOO Electrical =49.4 4.35 Fea 
400 Satie te oli V 649.6 10s aed i eee? 
OO Auxiliary 624.6 iW a fee 
600 Outfit a 4) Tek 7 aero 
7OO Armament i ee 
Groups i-7 7 Oo 68.4 aleet 7 
Acq Wt Margin A aoe Sac 
cg BG Margin a =. 7 
Lightship Weight Aen) Freee 24.7 
| wo AGS OO 7 re: oe 
Full Load Weight Saif aa 100.0 21.38 


oa. Volume Breakdown 


ee ees 





Hull Volume SoKiGer? reales 
Deckhouse Voltme 107462 FITS 
SSCS Group Volume CFIA) 
Poe osi On 148268 
2. Human Support Loa7 av 
Toman oltopor t Looe 7 7 
ooo Mobility 177284 
weO Unassigned a7? 





Total Ship Volume 658118 


J sal tae 


rks 


ie a! 
20.6 
29.9 
ETE) 
ONG) Ate: 
100.0 





CFT) 
eS 7 aa 
eens 
a )) eee 
2555.0 
RRs 
ee 
216.4 
216.4 
ZA Ole 
2 a 





ASW FRIGATE BASELINE DESIGN SUMMARY (CONTINUED) 


6. Manning 


Sapo Manhiing 


Officers 17 
Bie 8. 16 
Enlisted oS 


Aviation Dept 


Officers 9 

CFO ms 

Enlisted oO 
Accommodations OO 1 

7. Margins <>? 

Acq Weight Pa 7% 
Acq EG ig? Roi7, 
Space OG. Uy, 
Acq Electrical pO Oe 
Service Life Elect 20.84 
Fropulsion Fower 07/4 
Accommodations 1) 7, 
Strength 2. 7 euiior 


Note: (1) Consistent with CONFORM policy except for the 
space margin. 








— 
, st , S701 ig. , bil - Bb 


31150u¥d SNINS80E SLvOTuS MSH 6 aanbt4s 
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Table 18. ASW FRIGATE LARGE OBJECT SPACE REQUIREMENTS 


opece Description Cemerin Width Height 
Machinery Module (GT & Gen) 435.0 area) ce 
Fropulision Motor pee ren L2e 
Helo Hangar (per Helo) eu, |) 20,0 Lar 
Helo Folded Dimensions 41.0 11.0 Lest 
Helo Operating Dimensions 
iMaetical VLS (32 Cell) Cs ae, 2.) 24.9 
VL Seasparrow (16 Cell) 14.5 eee 17.0 
7omm Gun Po. Pee 17 eo 
Towed Array Handling Sere Shays |) ag 
Conformal Array Tae eel Lon 
Transmit Array 20. yet) 1O38 


Note: 76mm Gun requires 18 Fl 


PrAIlMeCcl SY ere. 








LNOAYVD ADSd ANINSSbE ALYVOIYS MSY 


"OT aanb6ts 


96 





Figure 11. 


ASW FRIGATE BASELINE BODY PLAN 
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Figure 12. SEAKEEPING RANK COMPARISON 
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4.5 Technology Evaluation 


The intent of this effort was to study a wide range of 
technologies pelle combatant ships, select the mast 
representative, characterize them as acctrrately as possible, 
and perform impact analysis to determine the changes in ship 
Pate. GOMtTiguration, performance, cost, and risk. The final 
step was to evaluate the most promising synergistic 
combination and incorporate it into the design. 

A survey of potential technologies suitable for a frigate 
yielded the list presented in Table 19. The principal 
attributes which make the technologies attractive are also 
fisted. This selection provided anice sampling of the 
Various functional areas for testing the proposed methodology. 
It 15 important to point out that this represents only a 
partial listing of the myriad of technologies suitable for a 


frigate. 


lt 


Characterizations of each technology are contained 1n 


Appendix B. Intormation for the characterizations was obtained 
from open literature whenever possible. In general, the 
technical data represents a mean value from the various 


references. 
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Table 19. ATTRACTIVE TECHNOLOGIES FOR A FRIGATE 


Containment 


1. High Strength Low Alloy Steel (HSLA) Hull/Deckhouse 
- high strength coupled with low fabrication 
and material cost 


2. WNAVTRUSS Deckhouse 
~ lightweight and fire safe 


Fropulsion 


-r 


i. Intercooled/Regenerative Gas Turbine (IRGT) 
-~ reduced specific fuel consumption (SFC) 


4. Contrarotating Fropeller (CR) 
pelo propulsive coefficient (FC) 


eG et eal 


fee opulisian Derived Ship Service ‘FDSS) 
- more efficient (improved combined SFC) and reduction 
in volume allocated to ship service 
6. Kotary Engine Ship Service Generator (S556) 
- reduced SFC 


Outfit 


7. Composite Masts and Topside Ladders 
-~ Weight and FG reduction 


100 





Detailed results of the impact analysis for each 
candidate technology are presented in Appendix C. The steps 


used to conduct the analysis using ASSET are outlined below. 


(1) Enter data necessary ta represent the important 
characteristics of the technology being evaluated. The 
adjustments made tao the baseline Model Farameter List 
(MFL) are contained with the characterization sheets in 
Appendix &#. 

(2) Balance the design attempting to keep the performance the 
same. This was achieved by setting mission indicators as 
follows; 

DESIGN MODE = ENDURANCE 
DESIGN SPEED = CALC 


ENDURANCE SPEED = GIVEN 


Then the design was balanced as described below. 

(a) Use DESIGN command to achieve a weight balance. 

(b>) Warp the hull to float at the design waterline by 
matching the draft given in the HYDROSTATIC ANALYSIS 
summary to the design waterline draft given in the 
DESIGN SUMMARY. This is achieved by having the HULL 
SIZE and WULL SHAPE indicators set to CALC and 


adjusting T/D. 
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(Cc) Adjust beam to get adequate stability 1f GMy has 
been reduced below the baseline value. This 15 
accomplished by adjusting LBP/B until the GM+ value 
given in the HYDROSTATIC ANALYSIS summary 15 
sufficient. 

(d) Obtain a space balance by matching the required and 
avallable volume. The recommended method for 
achieving the balance is: 


1) Bring in the beam if excess stability exists, 
since this will improve powering, 


=<) adjust length, and 


—) possibly depth (as long as it is not being 
driven by larqe object space requirements). 


For the aiumpact studies conducted, there was an 
attempt to normalize GM+ and to meet or exceed the 
minimum freeboard requirement. The deckhouse volume 
was kept constant because any change in size would 
effect Els. A better method of balancing space 1s to 
compare large object space, deck area, and tankaqge 
volume to ensure there 1S adequate space. ASSET 
currently does not adequately support this method. 
However, a simple volume balance was considered 
sufficient for the purpose of this case study. 
(2) Assemble data necessary to conduct evaluations. This 
requires information from the following modules: WEIGHT, 
SFACE ANALYSIS, HULL STRUCTURE, MACHINERY, FROFPELLER. 


SEAEEEFING ANALYSIS, and COST ANALYSIS. 





Once the ASSET results were tabulated, an assessment of 
technical risk was made concerning the replacement of the 
baseline component with the new technology following the 
Quidance of section 2.4. In addition, the effect on 
performance in areas not addressed by ASSET were diScussed. 
For example, a shorter ship generally means less combat system 
arranqeablility, and a more complex system generally results in 


reduced reliability and availability. 


The procedure outlined above for conducting impact 
analysis was tollowed whenever practical. Any deviations are 
noted im the discucsion of each evaluation. It 165 important 


to mote that the procedure used 1s only one approach to 
performing impact analysis. The decision was made to balance 
space : but jan equally reasonable approach would be to 
normalize speed and/or seakeeping Dy adjusting the size of the 


ship and accepting the excess volume, stability, etc.. 


The results of the evaluations are summarized = and 
discussed in Tables 29 through 27. Detailed results of the 
impact analysis are given in Appendix Cin terms of ship 
characteristics, pertormance, cost, and risk. The areas of 


Significant impact are discussed and recommendations are made 


concerning areas for further investigation. 


10% 
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4.6 Technology Integration 


Based on the results of the technology evaluations, “the 
following technologies were selected as the most promising in 


Cer Momors their impact on ship Size, stability, and/or cost. 


IRGT Main Engines 

Fropulsion Derived Ship Service 
Rotary Engine SSG 

Lightweight HSLA Deckhouse 


Composite Masts and Topside Ladders 


These can be categorized into two groups: fuel reducers and EG 
reducers. It was decided to pick one technology from each 
category to obtain a clear evaluation of a synergistic 
combination. The propulsion derived ship service was chosen 
over the rotary engine SSG and IRGT main engines because it 
offered the most fuel savings as well as direct savings i1n 
ship support volume. The HSLA deckhouse was preferred over 
the composite masts and topside ladders because of the greater 
reduction in EG. The impact of this integrated technology 
approach is presented in Table 28. 

The results show the additional gains made by the proper 
combination of technologies. The key 1s to look Ter 
complementary technologies. In this case, the kG reduction 
allowed the beam to be brought in and the powering improved 
enough to partially offset the reduction in power available to 


propulsion because iti the PDSS configuration. The 
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improvements show the potential gains from a good synergistic 
combination. Gains exceed the sum of the individual results 
in every area of Significant impact. Note that the 
performance, measured in sustained speed and seakeeping rank 
factor, was Significantly less degraded than when the PDSS was 
assessed individually. An interesting alternative approach 
would Be to fix fuel weight and show the gain in endurance 
achievable. 

ANY comparison of between alternate ship configurations 
leads tG inevitable questions regarding assumptions, 
procedures, amd interpretation of the results. It was the aim 


Of this study to validate a standard method for conducting 


technology impact Evaluations. The proposed methodology 15 
mot a set of strict rules, but rather, some recommended 
quidelines. They were meant to assist the experienced 


desiqner in conducting technology impact evaluations and to 
provide a standard format for presenting the data to the 
decisicn makers, To this end, the methodolqy appears sound 


and 15 worthy implementation. 
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Table 20. DISCUSSION OF TECHNOLOGY IMPACT 
HSLA VS HTS HULL 


Poeeesenh lotion of lmadeot f 


SO oan eemtataty emai tl, EE RES AOE a 


HSLA material substituted for HTS in all primary hull 
structural members (deck 7, shell / bottom plating, 
longitudinal stringers amd girders, web frames, deck beams, 
and watertight bulkheads). 


Puetseada Of Significant Impact 


Displacement, FG, Acquisition Cost 


oe Improvements (Variant vs Baseline) 


Indice Variant Change Ditty 

Displacement CLT] va ae ore Berea) i) ee =, 1 

Waoe CLT I te eee -49.4 bots: 

meek Coad bhi LEFT I eal epee BUeee oy ag 

elitr CFT J 4.74 +), 11 ge ne 

Reduction in displacement primarily due to 2.8% reduction 
im Group 100 weight. Decrease in EG due to lighter 
scantlings. The lower EG resulted in an increase in GM+ and 
allowed the beam to be reduced. A slight increase 1n 
ballistic pratecticon occurred were plating thicknesses 


remained unchanged since ability to resist penetration 15 
proportional to ultimate tensile strength. 


Toeeeeiecdation (Variant vs Haseline?) 


ree tome. 


ea beae Variant Change Dutt 
AVG Acq Cost LMI SoOoeel ae rae oa hema 


Increase im acquisition cost due to 407% higher unburdened 
SGictmulation cost of HSLA. Slight increase in O&S costs due 
to method of estimating which includes acquisition cost asa 
factor. 
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DISCUSSION OF HSLA VS HTS HULL (CONTINUED) 


Peeeevrres to Exploit Technelasoy Fully 


(ad) Minimum thickness and standard size requirements resulted 
in an increase in stress margin, and hence, only a 3.87% 
reduction in weight was achieved. 


(b> Volume requirements prohibited the beam from being 
reduced enough to normalize GM+r. An alternate approach 
was taken to increase length to gain volume and reduce 
the beam, but the overall impact was essentially the same 
because the improvement in powering was offset by the 
increased structural weight. Hence, need a reduction in 
required volume to take full advantage of the HSLA 
material. 
6. Recommendation 

Slight reduction im displacement and EG, and the 
increased ballistic protection does not offset hiqher material 
procurement and fabrication costs. Recommend not replacing 


HTS with HSLA on a global basis in the ASW Frigate’s full 
structure. 


7. Areas for Further Investigation 
(a) Explore isolated use for particular applications such as 
crack arressment, fragmentation protection, main deck 
plabking, @tc.. 


(b) Synergistic combination with a technology that reduces 
volume and would allow a reduction in beam. 
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Table 21. DISCUSSION OF TECHNOLOGY IMPACT 
HSLA VS HTS DECKHOUSE 


Peevemchiption Of Jradeoft 


HSLA material substituted for HTS in deckhouse structure 
(side plating, stiffeners, exterior and interior decks). Same 
= psi blast criteria. 


Ne ar ee i a ee 


indice Variant Change Diff 
Displacement CLTI I486. 5 ears ee | =A ee 
Wasso CLT I Leg, 2 aor ee —2 aS 
PWwieweeond EG CFT J 21.42 =o = tone 
GM- CFT Daske 7 Onin + Sees 


Reduction in displacement and decreas@# in EG primarily 
PS itGeea, on, Keduction in Group 150 weight. The lower EG 
resulted in an increase in GM+ and allowed the beam to be 
reduced. 


4. Degradation (Variant vs Haseline) 


No significant degradation. Increased cost of HSLA was 
offset by reduction in weight. 


feet eieui ties to Exploit Technology Fully 
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(a) Minimum thickness requirements/standard sizes make 1t 
difficult to achieve the lower structural density. 


(b) Volume requirements prohibited the beam from being 
reduced further to normalize GM+r and improve powering. 
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6. 


(Db) 


(2) 


DISCUSSION OF HSLA VS HTS DECKHOUSE (CONTINUED) 


Recommendation 


A reduction in size without an appreciable change in cost 
is a noteworthy achievement. However, in this case it is 
suspect because of the questionable value for structural 
density. It is hard to believe that the change in 
deckhouse structural weight could approach the same order 
of magnitude as the change in hull weight achieved by 


changing toa HSLA. Therefore 1t 1686 recommended that a 
detailed structural design of the deckhouse be performed 
to ensure that the estimated weight reduction i6 


achievable. 


Areas for Further Investigation 


000 URS O00 0 Ot O02 AES ORE TETEES ow = FEET HERES DOLE 10 ED OOOEE EMME OEE ETS OODES HOS EO EON Sd COD OES y EEE ORES St SS 


Comsider increased fragmentation protection at the same 
weight as HTS. 


Synergistic combination with a technology that reduces 
volume and would allow a reduction in beam. 


Investiqate tradeoff for 7 psi blast criteria. Addtional 


reductian in weight and EG should be avhievable since the 
minimum thickness requirement will be less of a factor. 


EPs 





Table 22. DISCUSSION OF TECHNOLOGY IMPACT 
NAVTRUSS VS HTS DECKHOUSE 


1. Discussion of Tradeoff 


ema CS OF ETT SO dey EDO AM IRS TMA 9 ERT AO OR Rot et eB Oy 


NAVTRUSS panel structure was substituted for HIS ain 
superstructure side plating and decks not subjected to 
concentrated loading. Same 3 psi blast criteria. 


meat widmificant Impact 


P5 


Displacement, EG, Acquisition Cost 


o. Improvements (Variant vs Baseline) 


| eaadhetenandetteetilinnamamndimiaamaaamnneemnnaeaeaniamaaaaeaen tated eee 


indice Variant Change Diff~% 
Displacement CLT] D444. oo = yea) = le 
Wasso CLT I S1Sin My = 7 ao = ee 
pevieieeoad t.G CFT I ale Va =a Se 
GM+ CFT Sarees +7, 60 tole at 


Reduction 1m displacement and decrease in EG primarily 
due to 43% reductian in Group 150 weight. The lower KG 
resulted in an increase in GM+ and allowed the beam to Ge 
reduced. 


4. Deqradation (Variant vs Haseline) 


Noo ey 0 ep TR SS GATES ST TES Re EES Ee pe 7 mE RR SS RR SR 





ae. Ce Variant Change Date 
Avg Acq Cost C3] airs al ee eee 7 ee 
Technical Risk Moderate Increased 


Increase in acquisition cost is due to 6 fold increase in 
unburdened procurement and fabrication cost for NAVTRUSS. 
Slight increase in O&S costs due to method of estimating which 
includes acquisition cost as a factor. Risk 15S increased 
because of difficulties ain fabrication (proper joining of 
panels) and unknown maintenance requirements. 
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DISCUSSION OF NAVTRUS VS HTS DECKHOUSE (CONTINUED) 


c:: 


Peis culties to Exploit Teehnolooy Fully 





(a) Volume ie Geeta tece Gils prohibited the beam from being 
reduced further to normalize GM+r and improve powering. 


6. Recommendation 

Sittin wo ant weight savings and EKG reduction are 
accompanied by substantial cost and risk increase. NAVTRUSS 
ig mot recommended for use in the ASW Frigate. 


feigedes ter rirther IiInvestiqation 


ee aet 


(a) Combined With KEVLAR it could increase ballistic 
protection for a given weight allocation. 


(bob) Synergistic combination with a technology that reduces 
volume and would allow a reduction in beam. 





Table 23. DISCUSSION OF TECHNOLOGY IMPACT 
IRGT VS LM=-2500 


eee ase  Iption of Tradeoff 


Intercooled/Regenerative Gas Turbine (IRGT) substituted 
for LM-2500 main engines. Installed power remained constant. 


~. Areas Of Siqnificant Impact 


ee REET SS SERS 0 OEE cee cen: aes amas qm emu anary es 


Displacement, Fuel Weight, Acquisition Cost, O&S Cost 


~. Improvements (Variant vs Baseline) 


SO NTS AE AE SS SS LS LS NA SMT AIS RES SERRA Oboe oh A) eh ene © ae eS Sa 


Indice Variant Change D 1 ater 7 
Bar CF] 3 72 =o so 
Displacement [CLT] Fis A eye 7 eae 
Fuel Weight CLTI C07 Ces =186. 7 eee 
SFCe One 7 2 =e la eee) 
Fuel Cons CNM/LTI owns ey + ee 
fetal valume CFT] 649785 = 55 7 ie ei 
O%#%S Costs CFI jG ss Rear aa a! i eae 
Energy Cost S04 oa ene oy Ser 
IR Signature Improved 


Reduction in fuel weight due to the improved SFC resulted 
in reductions in dispacement and tankage volume. The decrease 
im tankage volume more than compensated for the additional 


volume required by the intercooler and regenerator. Thus, 
totel volume required was reduced and the ship was able to 
cit i fit. The 29 ton per engine increase was offset by the 


reduction in fuel weight and ship size. Wine  51i9Qqnit1cant 
decrease in operating costs is attributed to the lower fuel 
rate. The regenerator offers an improvement in IR siqnature 
without resulting to external cooling methods. 
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DISCUSSION OF IRGT VS LM-2500 (CONTINUED) 


4. Degradation (Variant vs Haseline) 


ES ee HG he Ee oe, 


aes ce Variant Change Ditty 
Pete cead EG CFT I BE de ae +0.14 5 Bato 
Seakeeping Rank: LZ 68 = eS 206 
Avg Acq Cost CM] aio m=, -26O +076 
Technical Risk Moderate Increased 


C.S. Arrangeability Degraded 


Rise in FG, due to the reduction in fuel, required the 
beam to 6b& increased slightly to maintain GM,. Seakeeping 
decreased due to the decrease in ship size, and acquistion 


cost increased due to the increased cost of the IRGT main 
engines. Note that the #¥2.0M increase in main engine cost 
translates to about #2.6M in ship cost because of profit and 
qverhead. Reduction in length, though desirable from a ship 
size standpoint, results in slightly less combat system 
arrangeability. 


Seevigeredities to Exploit Technology Fully 


(a) Stability requirements precluded the beam from being 
reduced to achieve a volume Balance. As a result, length 
was decreased to achieve the volume Dalance and powering 
suffered because of the increase in LEF/BE. 


6. Recommendation 
Economics (acquisition vs operating costs) are probably 
good enough to justify continued development. Need to 


tradeoff with other propulsion options to ascertain most 
promising configuration for this design. 


7. Areas for Further Investigation 


(a) Synergistic combination with a technology that reduces KG 
to allow a reduction in beam and an improvement in 
powering. 


2b 





Table 24. DISCUSSION OF TECHNOLOGY IMPACT 
CR VS FP FPRGPELLERS 


ie Vesscription of Tradeoff 


Contrarotating (CR) propellers were substituted for the 
two fixed pitch (FF) propellers. 


Be i6eas Gf Significant Impact 


Vee, ACGUISItion Cost 


=. Improvements (Variant vs Baseline) 





Indice Variant Change Di ¥ tae 
Displacement CLT] ca a -6.4 =a 
Fuel Weight [CLT] BiG. 7 soe a Ont 
SHF le ae “Be =e oS 
Fee O. B00 te bre C) poe a el 
FCpesrean 7. BOs nO. WB ge wesc 
Ve CETI 28.22 a Gl iy +1.0 


Increase of 7Z1n FO at endurance had little effect on 
SHF and hence fuel weight because of the 6% increase 1m total 
draq. The increase in sustained speed was achieved because of 
the proportionately larger difference in FC between the FF and 
CR configuration at the design condition due to the relatively 
flat efficiency curve of the CR propeller. 


Peevediiedation (Variant vs Baseline) 


[Indice Variant Change Di thy 

Total Drage CLES! 107644 +6264 We. 

Avg Acq Cost LM] JG6.6 at soni +1.4 

Technical Risk MOD-HIGH Increased 

Operability Degraded 

The increase im drag was due to the higher appendage drag 
associated with the CR system. Acquisition cost increased 
because of the increased cost of the CR system. ohne ht 
increase 1n 025 costs can be attributed to increased 
acquisition cost. The apparent slight rize in KG 1s probably 
not accurate. The small reduction in fuel should have been 
offset by the increased propulsor and shafting weight. Fair 
the purpose of this analysis it can be iqnored. The CR system 


represents much higher risk and reduced RM&A because of the 
increase complexity and number of components. 
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DISCUSSION OF CR VS FP PROPELLERS (CONTINUED) 


| 


See eu tities to Exploit Technology Fully 


(a) Discrete engine size associated with gas turbine 
propulsion did no allow the installed shaft horsepower to 
be decreased in order to normalize Vs. 


(b) Ship could not be shortened to normalize Vs because of 
volume requirements. 


6. Recommendation 

Slight change in Sustained speed does not justify 
substantially hiqher cost = and risk. Justified only 1f 
appendage draq can be lowered to improve fuel consumption and 
increase sustained speed significantly, or it “acoustic 
characteristics are substantially better. 


0 EE ROSY CET NY CTI RE AE EDS SS ED MUU MED OS REO OTE OF EES § SES CS EOS DRE Ter 


(a) More accurate determination of appendage drag since 
current estimates negate improve FC. 


(b>) Investigate acoustic characteristics. 





Table 25. DISCUSSION OF TECHNOLOGY IMPACT 
PROPULSION DERIVED VS GT SHIF SERVICE 


i. Description of Tradeoff 


Two 2500 EW propulsion derived variable speed constant 
frequency generators and one 2500 EW gas turbine generator 
replaced four i500 EW gas turbine generators. 


’ 


PeeeteaS OF oGnificamnt Impact 

A 
Displacement, Total Volume, Fuel Weight, Ve, F, 
Acquisition Cost, O&%5 Cost 


Improvements (Variant vs Haseline) 


Indice Variant Change Datei 
feet ed J 415.0 ea) =e 4 
Beam oe eRe SONS AS. -i1.4 
Draft Pe or = aie. a eee 
Depth SiO) =e meer) 
Displacement [CLT J DJ1iO4.S —42.2.8 =F ue 
Total Volume [FT] 626735) es -4.8 
Fuel Weight (CLT 7 as tO es seo eis re = Aer) 
SL. Elec Margin CKWIJ 1147 + BOG +7339 
Avg Acq Cost C#MI rad jar Ty =a ee | elle 
O25 Costs CEM] 1112) es ee = Gt Is — yas 


Reduction in volume, due to decrease in tankage and ship 
support volume requirements, allowed reduction in ship size 
which in turn produced second order reductions in volume 
requirements. The lower displacement was a result of reduced 
size, fuel requirements, and direct weight savings offered by 
the propulsion derived configuration. Fuel weight was 
decreased because of the improved efficiency of the integrated 
electrical plant. Service life electrical margin increased 
substantially because three generators were used. Lower 
acquisition cost was a result of reduced ship size. Reduction 
in O&S costs was due primarily to lower fuel rate. 





DISCUSSION OF PROPULSION DERIVED VS GT SHIP SERVICE (CONT.) 


4, Degradation (Variant vs Haseline) 


Pee Variant Change Daiet 7% 
Ve CET 7 a6 aera 7 7 =e 
Seakeeping Rank ee ant) | ie OL et a | 
Technical Risk MEDSEIGH Increased 

C.5. Arrangeability Degraded 

Operability Degraded 


Reduction ain installed power available for propulsion 
because of the integrated configuration, along with a slightly 
less efficient hull form resulted in a loss in sustained 
speed. The lower seakeeping rank was due to the decrease in 
ship size. The 10 FT reduction in length to achieve a volume 
balance makes combat system arrangement more difficult. The 
complexity of the propulsion derived system impacts on RMA 
and represents significant technical risk in the areas of 
pOwer quality and equipment reliability. 


Peet eelll ties eo Exploit Technology Fully 


(a) It would have been better to consider a four qenerator 
arrangement with two 1500 EW standby units, but data was 
mainly available for a three generator configuration and 
ASSET currently considers only three generators when two 
main engines are used for propulsion. This produces some 
Operational and survivability concerns (three vs four 
generators) as well aS excessive service life marqin due 
to USN generator sizing practices. 


(b) Discrete GT engine size did not allow installed power to 
change in order to normalize Vga. 


(c) Ship could not have been lengthened to normalize Vs 
without producing excess volume because of stability and 
freeboard requirements. 


&,. Recommendation 


Fropulsion derived ship service generators offer the 
Opportunity to obtain substantial fuel savings (and the 
benefits in reduced ship size and cost associated with this 
reduction in fuel) over the exclusive use of dedicated qas 
turbine generator sets. The basic technology is in hand to 
develop such systems, and the calculated payotfs indicated a 
high rate of return would be realized on this investment. 
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PioewdoolON OF FROFULSION DERZYED VS GT SHIP SERVICE (CONT. > 


7. Areas for Further Investigation 


(a) 


(b) 


CE.) 


synergistic combination with a technology that reduces KG 
to allow areduction in beam and an improvement in 
powering. 


Investigate a four generator configuration with two 
standby gas turbine units. 


The ship was balanced in volume by reducing LEFF, beam, 
and depth while maintaining stability and ‘freeboard. 
Anather alternative 1s to keep Ve or seakeeping constant 
by adjusting length and allowing available volume to 
exceed required. 





Table 26 DISCUSSION OF TECHNOLOGY IMPACT 
ROTARY ENGINE VS GT SHIF SERVICE 


1, Description of Tradeoff 


Rotary engines were substituted for gas turbine prime 
movers on the four 1500 FW ship service generators. 


=. Areas of Significant Impact 


Displacement, Total Volume, Fuel Weight, 
Acquisition Cost, O&S Cost 


aie Improvements (Variant vs HKRaseline) 


reo bere ES SS SRS EE SE AS TEE OE AP EE TEES SF ET ED GSS GA AO REN NOR Oe ee ae 


indice Variant Change Ditet 7 
et Ero 421.0 -4.0 S07 
Displacement CLT4 as TY Ae ed =o eo ee, 
Total Volume CFT) 649412 = 7G salar 
Fuel Weight ELT] yoy, od ee le 
Fuel Cons CNM/LTI Gia ae) are sole age 
Avg Acg Cost C#hril eal FE fom Se -0O.4 
O25 Costs Crd LORS! =f i. 3 ne 
Enerqy Casts (C#m) Pers ad a area | yet 


Reduction ain fuel was primarily responsible for the 
reduction im volume and displacement. Ship size was able to 
be reduced to a configuration that retained good powering 
characteristics, and hence, no loss in Sustained speed 
occured. Group 6900 weight increased because of additional 
hull insulation required to maintain radiated noise levels. 
The reduction in Group SOO weight can be attributed to the 
reduction in volume. The slight decrease in Group 1990 weight 
West aresult of the shorter length between perpendiculars. 
The lower acquisition cost 15 due to the decrease in ship size 
and the lower cost of the rotary engines. 


eed Ag@actl On (Vat lant Va Baseline) 


Combat system arranqeability and seakeeping were sligqhly 
impaired by the reduction in ship size. 





DISGUSSIGN OF ROTARY ENGINEVYS GT SHIP SERVICE (CONTINVED) 


ow. Difficulties to Exploit Technology Fully 


None noted. 


6. Kecommendation 


Rotary Engine ship service generators offer the 
Opportunity to obtain substantial fuel savings (and the 
benefits in reduced ship size and cost associated with this 
reduction in fuel) over gas turbine generator sets. Tradeofft 
with other promising machinery options to determine the best 
configuration for the design. 


et. 


eee eee Further Investigacion 


(a) Obtain imformation on radiated noise levels and 
operability. 





Table 27. DISCUSSION OF TECHNOLOGY IMPACT 
COMPOSITE VS STEEL MASTS & TOPSIDE LADDERS 


1. Discussion of Tradeoff 


Fm 


Composite materials substituted for steel in masts and 
topside ladders. 


bh 


peewee ho aniticant Impact 
EG 


=o. Improvements (Variant vs Haseline) 


Indice Variant Change DIFEZ 
Displacement CLT4J ral ea eee ma ey 
Piimeeoad 6 CFT 4 21.70 Sy -O.4 
Shia kr td 4.94 mses aha cer 


Reduction in displacement and kKG direct result of high 
vcq weight savings. Electromagnetic interference (EMI) may be 
improved, 

4. Degradation (Variant vs Haseline) 


None noted. 


Poteet ties to Exploit Technology Fully 


None noted. 


a een eet 


Composites make sense if stiffness can be achieved at a 
reasonable price. 


7. Areas for Further Investiqation 


(a) Synergistic combination with a technology that reduces 
volume and would allow a reduction in beam. 





Table 28. 


1. 


Two 
frequency 
replaced 


DISCUSSION OF INTEGRATED TECHNOLOGY IMPACT 


PROFULSION DERIVED SHIP SERVICE & 


OS ET (SD ng are NR eM a 


29090 EW propulsion 
generators and 
four 


one 
135900 FW gas turbine 


derived variable 


“S00 


EW gas 


substituted for HTS in deckhouse structure. 


oy 
—s 


Areas Of Significant Impact 





HSLA DECKHOUSE 


speed constant 


turbine generator 
generators. 


HSLA material 


~~ 
Displacement, Total Volume, Fuel Weight, Ve, F, 
Acquisition Cost, O82}. Cost 

o. Improvements (Variant vs Baseline) 
indice Variant Change Diffs 
Displacement CLT] DJOAS ae =469 «1 = 35 G 
Total Volume CFT=) fname ys Pas Se oe a GPs 
Fuel Weight CLT TOA =—1625.6 TB 
Fuel Cons CNM/LTI 6.4 ale ree ae 
Avg Acq Cost C#EMI nal pa iia: el Ori 
O25 Costs CEM] 1914.7 aaa aed =o 4 
Energy Cost Cri OAT oe) oe je 5 jl 

4. Degradation (Variant vs Baseline) 
ioe lec Variant Change Bit 7% 
Ve CET I 27. 4A =e | = [iro 
Seakeeping Ran: Keegy ki ala) a Go 1 mel = Oa 
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DISCUSSION OF INTEGRATED TECHNOLOGY IMPACT (CONTINUED) 


vu. Comparison (Integrated vs Individual) 








peo HSLA DEHS ee Oe hee SUM INTEGR 
Displacement [LT] ee cs ty ed -482.6 ~ ete 
Total Volume CFT) ag aire, saat WARSI — alae me a aed 
Fuel Weight CLT] = eee = eran —foo. 0 =16256 
Ve CET I He) cy =e, sah 7 —Og a 
Seakeeping Rank eo Re Yas a) =o? = 4 
Avg Acq Cost C#hM") Ca 1 aie lt =e 4) eee 
O%S Costs C#"] tre aoe sree ay ee eee 


The results show the additional gains obtainable when 
technologies are used in a synergistic combination. The KG 
reduction offered by the HSLA deckhouse more than offset the 
rise in FG due to the reduced fuel load of the FDSS 
Somti guration. The reduction in tankage and ship support 
Volume requirements allowed the Deam to be brought in and 
hence the sire reduction was able to result in a geometry more 
favorable to powering. The decrease in beam to achieve a 
YOlume Balance also allowed the ships length to be retained 
closer to the baseline value and hence there was 1ess 
degradation of combat system arrangeability and seakeeping. 


6 Recommendation 


Recommend addtional imtegrated assessments to determine 
the most effective combination of subsystems for the design. 
The key 185 to look for synergistic relations that will enable 
the technologies to compliment each other ina beneficial 
MANNE . 
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CHAPTER 3S 


CONCLUSIONS AND RECOMMENDATIONS 


The purpose of this thesis was to develop a methodology 
for the assessment of HM2ZE technologies to assist ship 
designers and R&D Managers in determining which technologies 
should be funded for development. 

A methodoloay was proposed and efforts were directed 
toward three major areas: 

(1) technology information manaqement, 


(2) development of a proper baseline ship for ship impact 
assessment, and 


(2) technology impact evaluations when performance 1s held 
constant. 


Requirements were established for the management and 
coordination of technology information. The basic steps 
mecessary to establish a good technology assessment baseline 
ship were presented. In addition, a process was developed for 
conducting technolcay impact evaluations when the performance 
i1s©60lhheld constant. A case study was conducted for an ASW 
Frigate to validate the proposed methodology. 

The proposed methodology should not be construed asa 
"cook boat" approach, but rather a set of quidelines to assist 
In conducting HME impact analysis. It 15 important to have a 
rational thought process for assessing technologies. It 1s 
recognized that the decision to incorporate an innovation is 
heavily aunfluenced by polictical considerations (91. This 


reality emphasizes the need for an objective evaluation based 
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on sound engineering practice to serve as input to the final 
decision making process. 

The need for early stage design tools to evaluate 
performance and mission effectiveness was highlighted. The 


design community essentially knows how to do impact analysis 


normalizing performance, but this does not capture the 
attention of ship operators. Operators desire increased 
pertormance, not necessarily reduced size and/or cost. THiS 


indicates that evaluations should probably be conducted both 
ways. Hence, the development of adequate early design tools 
to @valuate performance 1s a worthwhile project. 

The following steps are recommended to adequately manage 
and coordinate the identification and assessment of new 
technology applicable to naval ships. 

(1) Establish a single mavy agent as the central clearing 
house for HM&E technologies applicable to naval ships. 
Ancther single agent should be desiqnated for combat 
system technologies. These agents must be closely 


aliqned. 


(2) Characterize the data for the emerqing technologies ina 
format similar to that proposed in Section 2.2. 


(32) Implement a program for a continuously developing set of 
baseline ships following the guidelines established in 


—_ 


Section 2.2 for determining the ship impact of these 
emerging technologies. 


(4) Conduct impact evaluations following the procedure 
outlined in Section 2.4. 


(5) Establish and maintain a new technology database. 
(6) Fublish a new technology catalog on an annual basis. 


(7) Implement feedback mechanisms for intluencing R&D 
resource allocations. 


ie ss 





(3) Develop early stage design tools for the evaluation of 
performance changes and mission effectiveness. 


(9) Develop improved risk assessment methods. 

(10) Develop a methodology for comauctinae technology 
evaluations when size/cost 1S held constant and 
performance 1S allowed to change. 

The primary goal of the proposed technology assessment 
program 1s to improve communication between ship operators, 
ship designers, and the R%D community (navy and industry). 
The program will mot be successful unless we establish a 
design philosophy to consistently evaluate these emerging 
technologies. This will provide long term direction to our 


R&D establishment and result in a better product at sea. 
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APPENDIX A 


BASELINE ASW FRIGATE DATA 
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ADVANCED SURFACE SHIP EVALUATION TOOL (ASSET) 


BASELINE MODEL PARAMETER LIST 


MONOHULL SURFACE COMBATANT MODEL (MONOSC) 


PLEASE ENTER DATA BANK FILE SPECIFICATION. 


C,E>SHIPS 
SHIPS CURRENTLY IN DATA BANK- 
BASELINE . BACKUP BASELINE . TROOST 
IRGT HSLA HULL 
NAVTRUSS CR PROP 
WANKEL SSG PROP DERIVED 8SG 
CEs 
C,E> 
C,E>USE, BASELINE 


C,E>TERMINAL OUTPUT=OFF 


C,E>CURRENT MODEL 


SHIP REQ 
MISSION 
DESIGN MODE IND = ENDURANCE 
ENDURANCE = 4500.00 
DESIGN SPEED IND = CALC 
DESIGN SPEED = 27.9496 
ENDURANCE SPEED IND = GIVEN 
ENDURANCE SPEED = 20.0000 


PAYLOAD 


OWONIAUNS WNP 


PAYLOAD NAME TBL (SOX 4) = 
COMMAND AND CONTROL 
EXTERIOR COMMS 
SURFACE SEARCH AND IFF 
NAVIGATION RADAR 

IR DETECTOR 

TOWED ARRAY 

ASW ELECTRONICS 
ACTIVE ECM 

ACOUSTIC DECOY 

MK-92 FCS 

76MM GUN 

TWO CIWS 

32 CELL VLS 

16 CELL VL SEASPARROW 
SRBOC 

MK-32 SVIT 

76MM AMMO 

12000 RDS 20MM AMMO 

32 ASROC/HARPOON 

16 SEASPARROW 

2 RSL SRBOC 

TORPEDOES IN TUBES 
THREE LAMPS III 

LAMPS HANDLING AND STOWAGE 
LAMPS SUPPORT 

LAMPS JP-5 


BASELINE 

HSLA DKHS 
COMPOSITES 
INTEGRATED TECH 





Nw AD 
@®~ 


bs bat fet PM eS SO wim ole a um 
NK OW OTA U PWN STOW EP WNKHFPOVOWIAUN PS WNKY OU OWIAUWVRBWNH 


13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
ay 
28 


LAMPS TORPEDOES 
SONOBUOYS 
PAYLOAD WT KEY TEL 
W410 
W440 
W450 
w4S0 
W450 
W460 
W460 
W470 
W470 
W480 
W710 
W710 
W720 
W720 
W720 
W750 
WE 21 
WE 21 
WE 21 
WE 21 
WE 21 
WE 21 
WE23 
W588 
WE 26 
WE 42 
WE 22 
WE 26 
PAYLOAD WT ARRAY 
9.700 
14.30 
4.800 
0.1000 
1.000 
50.00 
90.00 
3.500 
2.300 
5.000 
34.90 
11.00 
64.50 
11.50 
2.200 
4.000 
6.600 
9.200 
55.00 
3.900 
2.400 
1.400 
26.70 
15.00 
12.00 
95.00 
12.00 
12.00 


(SOX 1) = 


(SOX 1) = LTON 
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= 
~~ 


NNNNNNNND ee eee ee 
OYIOUNDPDWNHHrPOWOWAUVSWN 


~ 


PAYLOAD KG KEY TBL 


D10 
D10 
D10 
D10 
D10 
D20 
D6.5 
D10 
D20 
D10 
D6.5 
D10 
D15 
D3 
D10 
D10 
DE .5 
D10 
Dis 
D3 
D1i0 
D10 
D10 
D15 
D10 
BL 
D10 
D10 


PAYLOAD KG ARRAY 


-21.00 
-21.00 
20.00 
12.00 
12.00 
-4.S00 
~29.50 
20.00 
-6 .500 
20.00 
4.000 
21.00 
-11.00 
-8 .000 
19.00 
3.000 
-4.S00 
12.50 
-11.00 
-8.000 
19.00 
4.000 
5.000 
-4.000 
—6 .000 
9.000 
4.000 
4.000 


(SOX 1) = 


(SOX 1) = 


PAYLOAD AREA KEY TBL(SOX 1) = 


A1131 


Br 


hJ 





Alli1 
Al121 
NONE 
Al121 
Al122 
All22 
A1141 
A1142 
Al1121 
A1210 
NONE 
A1220 
Ai220 
NONE 
NONE 
NONE 
A1210 
NONE 
NONE 
NONE 
NONE 
NONE 
A1340 
A1390 
NONE 
A1374 
A1390 

PAYLOAD AREA ARRAY 

1400. 0 .QOOOE+00 

540.0 0.Q000E+00 
0.Q000E+00- 40.00 
0.Q0000E+00 0.QO000E+00 
O0.Q0000E+00 40.00 

1200. 0 .OQOOOE+00 

1800. 0 .OOOO0E+00 
0.QO000E+00 200.0 

185.0 0 .QO00E+00 
0.O0000E+00 320.0 

432.0 0 .QOO0E+00 
0.Q000E+00 0.Q000E+00 

1296. 0.Q000E+00 

362.0 0 .Q000E+00 
0.Q0000E+00 0.0000E+00 
0.0000E+00 0.O000E+00 
0.O0000E+00 0O.QO00E+00 
0.QO000E+0O0 144.0 
0.0000E+00 0.O000E+00 
0.Q000E+00 0.O000E+00 
0.Q000E+00 0.OQ000E+00 
0.0000E+00 0.O000E+00 
0 .OOO00E+00 0.QO000E+00 

300.0 6000. 

240 .0 360.0 
0.0000E+00 0O.O000E+00 
0.Q000E+00 533.0 
O.O000E+00 267.0 

PAYLOAD KW ARRAY 

35.00 67.00 

7.000 18.00 
0.6000 0.4000 - 


(SOX 2) = 


(SOX 2) = 


i 


FT2 


tA 





28 


0 .OOO0E+00 
0 .OO00E+00 
0 .OOOOE+00 
0 .0000E+00 
5.000 
1.700 
14.60 
8.000 
11.00 
108.2 
35.10 
0.8000 
11.80 
0 .OOOOE+00 
0 .OOOOE+00 
0.O0000E+00 
0 .OO00E+00 
0 .OO000E+00 
0 .OOOOE+00 
0 .O000E+00 
28 .00 
2.000 
0 .OOOOE+00 
0 .OOOOE+00 
0 .0000E+00 


HULL 
HULL FORM GEOMETRY 


HULL OFFSETS 


OWOWNAU WD 


HULL SIZE 


PRISMATIC 


0 .OOO0E+00 

0 .OOO0E+00 

0 .OOOOE+00 
0 .OOOOE+00 
40 .00 


0 .OOO0E+00- 


9.100 
20.00 
14.00 
0 .OOOOE+00 
0 .OOOOE+00 
0.6000 
0.O000E+00 
0 .OOOOE+00 
0.0000E+00 
0 .OOOOE+00 
0 .OOOOE+00 
0 .OOOOE+00 
0 .OOOOE+00 
0 .OOOOE+00 
0 .OOO0E+00 
3.000 
0 .OOOOE+00 
0 .OOOOE+00 
0 .OOOOE+00 


IND 


COEF 


MAX SECTION COEF 
HULL VOLUME 


STATION ARRAY 


-17.30 
-7.688 
4.427 
21.54 
39.43 
$8.11 
77.58 
101.6 
123.6 
139.0 
159.0 
178.0 
205.0 
216.5 
228.9 
256.0 
271.0 
291.3 
305.9 


323.5 
212.5 


CALC 
425.000 
CALC 


8.50000 
11.1840 
0.493400 
0.503038 
0.600000 
0.803000 
550657. 


(25X 1) = ET 


EFT3 





Ww @ ] Oo "nh WW HY 


oe | ee | ee ~~ ee 
Ce ee © © ) 


— 
Oo 


17 
18 
19 
20 
21 
22 
23 
24 
25 


an Cr ee 


346 .6 
346 .6 
374.0 
425.0 
HALF BEAM ARRAY 
0.3337E-02 
0.3337E-02 1.102 
0.3337E-02 2.236 
0.3337E-02 §.273 
0.3337E-02 5.740 
19.51 
0.3337E-02 8.177 
24.51 
0.3337E-02 7.709 
24.80 25.70 
0.3337E-02 7.509 
24.36 25.46 
0.3337E-02 7.743 
25.16 26.83 
0.3337E-02 10.01 
23.94 24.81 
0.3337E-02 6.675 
24.56 25.83 
0.3338E-02 7.843 
24.60 26.07 
0.3338E-02 7.643 
24.69 26.20 
1.068 10.01 
24.69 26.23 
1.068 9.545 
24.56 26.07° 
1.068 10.01 
25.16 26.00 
1.068 10.01. 
25.13 25.87 
1.068 10.01 
24.96 25.73 
1.068 fiona 
24.29 25.58 
1.020 9.282 
23.19 24.14 
1.068 6.675 
21.54 22.86 
1.068 6.675 
21.54 22.86 
1.068 6.675 
21.54 22.70 
1.068 6.675 
19.31 20.41 
1.068 5.340 
16.07 17.17 
WATERLINE ARRAY 
48.46 48.48 
30.49 38.12 
13.05 30.99 
0.1000 23.20 
O.0000E+00 12.57 
44.20 
O.0000E+00 10.59 
42.50 


3.600 
7.400 
9.724 
10.35 


14.18 


13.85 
27.13 
13.72 
26.27 
14.18 
28.37 
16.69 
25.53 
12.82 
27.40 
14.52 
27.54 
14.52 
27.74 
16.69 
27.77 
15.12 
27.64 
16.69 
27.54 
16.69 
27257 
16.69 
27.30 
16.69 
26.51 
15.10 
25.3% 
13.35 
23.78 
13.35 
23.65 
13.35 
23.20 
12.35 
21.20 
10.58 
17.82 


(25X11) 


49.50 
48 .80 
48.00 
35.99 
23.09 


19.75 


iA 


un 


(25X11) = ET 
0.3337E-O02 0.3337E-02 


11.01 
13.18 


18.42 
17.82 


17.89 
27.03 
19.19 


20.01 
27.09 
18.52 
28.17 
19.62 
28.31 
20.03 
28.45 
20.69 
28.47 
20.03 
28.35 
20.03 
28.25 
20.03 
28.10 
20.03 
28.05 
20.24 
27.32 
18.90 
26.23 
16.17 
24.79 
16.17 
24.15 
16.17 


14.61 
13.35 


39.24 
28.93 


27.39 


13.18 
18.65 


21.53 
20.56 


21.16 
28.11 
22.59 


22.18 
28.62 
22.36 
28.87 
22.43 
29.00 
22.66 
29.11 
22.79 
29.13 
22.29 
29.00 
22.36 
28.90 
22.36 
28.75 
22.16 
28.70 
22.30 
28.09 
21.00 
27.03 
18.60 
25.71 
18.60 
24.57 
18.60 


16.71 


15.02 


00 


tT: 
i 


33.74 


17.12 
22.59 
22.86 
23.26 
24.20 
23.26 
23.86 
23.87 
24.06 
24.03 
23.80 
24.03 
23.70 
24.03 
23.39 
22.00 
20.22 
20.22 
20.22 
18.41 
15.52 


37.64 


36.79 





7 0.0000E+00 
33.29 

8 0.0000E+00 
25.84 

9 0.0000E+00 
25.52 

10 0.0000E+00 
17.21 

11 0.0000E+00 
18.48 

12 0.0000E+00 
16.93 

13 0.0000E+00 
16.93 

14 0.0000E+00 
16.93 

15 0.Q0000E+00 
16.93 

16 1.530 
20 .76 

17 2.987 
20.57 

18 4.572 
20.35 

19 6.249 
21.54 

20 7.205 
22.06 

21 8.700 
21.17 

22 8.700 
21.04 

23 8.700 
20.85 

24 10.00 
21.28 

25 12.10 
22.43 

BILGE 


6.505 
36.37 
4.384 
30.21 
3.087 
32.97 
3.087 
21.84 
1.289 
25.79 
1.112 
24.95 
1.112 
24.93 
1.951 
24.94 
2.213 
24.94 
3.997 
24.85 
§.125 
24.76 
6.433 
24.65 
7.%1 


27.14. 


6.018 
25.99 
9.050 
26.92 
9.0€9 
26.63 
9.049 
26.22 
10.70 
26.17 
12.90 
26.93 


BILGE LOC IND 
BILGE LOC ARRAY 


0.2000 
0.2000 
0.2000 
0.2000 
0.2000 
0.2000 
0.2000 
0.2000 
0.2000 
0.2000 
0.2000 
0.2000 
0.2000 
14 0.2000 
15 0.2000 
16 0.2000 
17 0.2000 
18 0.2000 
19 0.2000 


pus 
OOD AU PWN eH 


ro 
pa 


wre, 
Wh 


12.583 
41.00 
8.568 
33.10 
6.502 


38.00 - 


6.501 
25.79 
3.304 
32.93 
3.217 
31.23 
2.955 
31.19 
4.379 
41721 
4.379 
31 21 
6.745 
31.20 
7.624 
31.19. 
8.596 
31.17 
9.240 
31.15 
9.350 
31.07 
9.921 
30.94 
9.921 
30.49 
9.921 
29.50 
11.54 
29.50 
14.42 
29.50 


CALC 


(25X 1) = 


17.24 


12.52 
36.07 
10.57 


9.158 
32.93 
6.501 
35.97 
6.487 
344.78 
6.486 
34.67 
7.516 
34.68 
7.721 
34.68 
9.144 
34.68 
9.748 
34.67 
10.61 
34.67 
11.73 
34.67 
11.90 
34.66 
11.47 
34.66 
11.46 
32.17 
11.45 


12.84 
16.08 


22.92 


17.22 
39.50 
15.50 


12.14 
38 .00 
10.57 
38 .00 
9.603 
38 .00 
9.601 
38 .00 
10.50 
38 .00 
10.50 
38 .00 
11.98 
38 .00 
12.54 
38 .00 
13.02 
38.00 
14.98 
38.00 
14.74 
38.00 
13.61 
38 .00 
13.59 
33.75 
13.56 


14.38 


18.43 


28.62 
21.95 
20.81 
14.71 
14.76 
13.52 
13.51 
13.76 
13.64 
15.68 
15.35 
16.79 
17.94 
17.95 
16.90 
16.865 
16.78 
17.55 
20.23 





20 0.2000 
21 0.2000 
22 0.2000 
23 0.2000 
24 0.2000 
25 0.2000 
BILGE KEEL IND = NONE 
MARGIN LINE 
MARGIN LINE IND = CALC 
MIN FREEBOARD MARGIN = 0.250000 ET 
MARGIN LINE HT ARRAY(25X 1) = FT 
49.25 
48.55 
47.75 
45.75 
43.95 
42.25 
40.75 
39.25 
37.75 
10 37.75 
11 37.75 
12 37.75 
13 37.75 
14 37.75 
15 37.75 
16 37.75 
17 37.75 
18 37.75 
19 37.75 
20 37.75 
21 37.75 
22 33.50 
23 29.25 
24 29.25 
25 29.25 
HULL SUBDIVISION 
HULL SUBDIV IND GIVEN 
TRANS BHD SPACING 0. 100000E+37 
TRANS BHD LOC ARRAY (16X 1) = 
0.4710E-01 
0.1059 
0.1647 
0.2235 
0.2941 
0.3529 
0.4647 
0.5353 
0.6059 
0.6765 
0.7471 
0.8153 
0.9059 
HULL AVG DECK HT = 8.50014 FT 
HULL DECK LOC ARRAY ( 4X 1) = ET 
29.50 
21.00 
12.50 
4.000 
HULL DECK CONT ARRAY( 4X17) = 


o@MiaIAU bh Wh 


at ped et 
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0 .OOOOE+00 0.0000E+00 


1 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 
0.0000E+00 0.0000E+00 
2 1.000 1.000: 1.000 1.000 1.000 
0.0000E+00 0.0000E+00 1.000 1.000 0 .OO00E+00 
1.000 1.000 
3 1.000 1.000 1.000 1.000 1.000 
0.0000E+00 0.0000E+00 1.000 1.000 0 .O000E+00 
1.000 1.000 
4 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
0.0000E+00 0.0000E+00 
HULL GIRDERS 
GOR INPUT IND = CALC 
GDR LOC ARRAY ( 3X 2) = 
1 0.0000E+00 0.6000 
2 0.0000E+00 0.6000 
3 0.0000E+00 0.6000 
HULL MATERIALS 
HULL MIRL TYPE IND ©& HTS 
HULL MIRL DENSITY = 489.024 LEM/FT3 
HULL MOD OF ELAS = 29600.0 KS] 
HULL YIELD STRENGTH = 45.0000 KSI 
HULL PROPORTNL LIMIT = 34.0000 KSI 
HULL MAX PRIM STRESS = 21.2800 KSI 
HULL ALW WORK STRESS = 38.0000 KSI 
HULL POISSONS RATIO = 0.300000 
C COEF ARRAY (3X1) = 
1 400.0 
2 630.0 
3 600.0 
HULL MARGINAL STRESS = 2.24000 KSI 
HULL LOADS 
HULL LOADS IND = CALC 
DES BOT PRESS ARRAY ( 3X 1) = LBE/IN2 
1 19.23 
2 16.98 
3 14.20 
DES SIDE PRESS ARRAY( 3X 1) = LBE/IN2 
1 17.49 
2 8.533 
3 7.298 
DES DECK PRESS ARRAY( 3X 1) = LBE/IN2 
1 5.333 
2 1.778 
3.1778 
INT DECK PRESS ARRAY( 4X 1) = LBE/IN2 
1 1.042 
2 1.042 
3 1.042 
4 1.042 
HOCGING BM = 65086. FT-LTON/IN 
SAGGING BM = 70936. FT-LTON/IN 
SHOCK FOUNDATION IND = SHOCK 
HULL STRUCTURE 
BOT STRING SPACING = 20.0000 IN 
SIDE STRING SPACING = 20.0000 IN 
DECK STRING SPACING = 20.0000 IN 
FRAME SPACING = 4.00000 FT 


BOT GDR AREA ARRAY 


( 2X 1) = IN2 
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1.000 
1.000 


2.000 
2.000 


1.000 
1.000 


1.000 





16.88 

16.51 ° 

DECK GOR AREA ARRAY ( 2X 1) = IN2 
7.621 

7.621 

FRAME AREA ARRAY ( 3X 1) = IN2 
5.175 

4.327 

5.574 

DECK BEAM AREA ARRAY( 3X 1) = IN2 
4.472 

1.978 

1.843 

LWR BEAM AREA ARRAY ( 4X 1) = IN2 
1.305 

1.248 

1.122 

1.060 

LWR GOR AREA ARRAY ( 4X 2) = IN2 
4.258 4.258 

2.330 2.330 

4.258 4.258 

6.963 6.963 

LWR SKIN THICK ARRAY( 4X 1) = IN 
0.2202 
0.1577 
0.2202 
0.2627 

BHD SKIN THICK ARRAY( 5X 1) 
0.2300 
0.2509 
0.2609 
0.2826 
0.3713 
AVG SKIN THICK ARRAY( 3X 3) 
1 0.3795 0.3296 0.3608 
2 0.3795 0.3296 0.3608 
3 0.3795 0.3296 0.3608 
MIDSHIP MOI = 211130. FT2-1N2 

DKHS GEOMETRY 

DKHS LOC ARRAY (20X 1) 
0.2941 
0.4176 
0.2976 
0.3012 

DKHS SIDE DIM ARRAY (20X 2) 
0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 

10.00 10.00 

DKHS HT ARRAY (20X 1) 
8.500 

17.00 

8.500 

8.500 

DKHS LENGTH ARRAY (20X 1) 
0.1235 

0.1170 

0.1200 

0 .5880E-01 


PWNHKY WN Whe NH NH 


& Ww) Nb 


mw eH 


IN 


Wn om WW bh 


IN 


mW Nb 


FT 


mW be 


FT 


m WN hs 


mW) th b 





WIND AREA FAC ARRAY ( 2X 1) = 
1 1.250 
2 1.250 


DKHS 


DKHS VOLUME FRAC 


VOLUME 


DKHS MATERIALS 


DKHS MTRL TYPE IND 
DKHS STRUCT DENSITY 
FIRE PROTECTION IND 


PROPULSION PLANT 
MAIN ENGINE 


MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 


ENG SIZE IND 


NO ENG 


ENG TYPE IND 
CONT PWR AVAIL 


CONT RPM 
ENG SFC 


ENG SPEC WT 
CONT PWR REQ 
PWR MARGIN FAC 


SEC ENGINE 


SEC ENG SIZE IND 


SEC NO ENG 


SEC ENG TYPE IND 
SEC CONT PWR AVAIL 


SEC CONT RPM 
SEC ENG SFC 


SEC ENG SPEC WT 
SEC CONT PWR REQ 
SEC PWR MARGIN FAC 


TRANSMI 
TRANS 


TRANS TYPE IND 
DESIGN TRANS EFF 
ENDURANCE TRANS EFF 


GEAR 


SSION 
EFF IND 


K FAC 


MACHINERY ROOM 


MACHY BOX VOL IND 
MACHY BOX VOL ARRAY ( 2X 1) 


1 0.1256 
2 0.0000 


MAIN ENG CC IND 
MAIN ENG CG ARRAY 


1 0.5700 
2 0.5600 


SEC ENG CG IND 
SEC ENG CG ARRAY 


E+06 
E+00 


1 0.1000E+37 
POWERING 


NO PROP SHAFTS 
THRUST DED COEF 
TAYLOR WAKE FRAC 
REL ROTATE EFF 


DESIGN DHP 
ENDURANCE DHP 
PROPELLER 


PROP 


PROP METHOD IND 


PROP 
PROP 


TYPE IND 


DIA IND 
DIA 


i] 


tt 


nhninninnt wt 


nunnnrrn non nt 


nun nt 


( 2x 1) 


( 2X 1) 


runnudn 


107462. 
0.195152 


HTS 
4.18000 
NONE 


GIVEN 
2.00000 
GT 


26250 .0 
3600.00 
0.410000 
1.99000 
21004.5 
1.25000 


0.100000E+ 37 
NONE 

0.100000E+37 
0.100000E+ 37 
0.100000E +37 
0.100000E +37 
0.100000E+37 
0.100000E+ 37 


CALC 

AC/AC 
0.945000 
0.930000 

0. 100000E +37 


CALC 


CALC 


CALC 


2.00000 
0.106500 
0.66S5000E-01 

1.00000 

19849 .7 

4167.58 


FP 

ANALYTIC 

CALC 
16.2082 
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ET3 


LEM/FT3 


HP 


LBM /HP-HR 


LBF /IN2 


HP 
HP 


ET 





PROP AREA IND 
EXPAND AREA RATIO 
BACK CAV ALLOWED 
NO BLADES 

PITCH RATIO 

DESIGN PROP RPM 
ENDURANCE PROP RPM 


PROP RPM LIMIT ARRAY( 2X 1) 


1 140.0 
2 180.0 
PROP LOC IND 
PROP LOC ARRAY 
1 0.9497 
2 0.5189E-01 
PROP SYS DISP IND 
PROP SYS DISP 
PROP SYS CB ARRAY 
383.5 
12.16 
1.972 
OPEN WATER PROP DATA 
PROP ID IND 
ADVANCE COEF ARRAY 
0.4500 
0.5500 
0.6500 
0.7500 
0.8500 
0.9500 
1.050 
1.150 
1.250 
1.350 
THRUST COEF ARRAY 
0.5081 
0.4735 
0.4355 
0.3948 
0.3517 
0.3065 
0.2597 
0.2117 
0.1628 
0.1136 
TORQUE COEF ARRAY 
0.1086 
0.1022 
0.9526E-01 
0.8774E-01 
0.7968E-01 
0.7111E-01 
0.6203E-01 
0.5247E-01 
0.4244F-01 
0.3196E-01 
PITCH RATIO ARRAY 
1 1.465 
ELECTRIC PLANT 
GEN SIZE IND 
GEN KW 


~ 
Owe WSHSY PWN e wn 


OWOBWIAY aS WNH 


ps 


p= 
Owo TOU © WD PH 


= CALC 


( 2X 1) 


= CALC 
= 38.9298 
( 3X 1) = FT 


(10X 2) 


(10X 6) 


(10X 6) 


( 1X 6) 


CALC 

0.682824 
10 .0000 
5.00000 
1.43665 
140 .000 
90.2968 


GIVEN 
1500.00 
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LTON 





hm WN = 


@w ne 


rar 


A 


— 
Ov Oo WTIAnR UN bWNe 


~~ 
—s 


bat bat et ee 
Ul &® WN 


GEN NO IND 


NO SS GEN 


SS ENC TYPE IND 


AVG 24 HR ELECT LOAD 


TOTAL ELECT LOAD 
ELECT MARGIN FAC 
FREQ CONV IND 
COMMAND+ SURVE I LLANCE 
SONAR SYSTEM 

SONAR DOME IND 

SONAR NAME TBL 
CONFORMAL AND TRANSMIT PLANAR ARRAYS 

SONAR WT ARRAY 


0 .QOO00E+00 
210.0 
200.0 

0 .OOO00E+00 


SONAR KG ARRAY 


0 .OOOOE+00 
§.000 
§.000 

0 .OOOOE+00 
SONAR 
495.0 
SONAR 
SONAR 
SONAR 
85.00 
§.000 
SONAR 
SONAR 

0 .OO00E+00 

0 .OOO0E+00 

0 .QOO0E+00 

0.O000E+00 

0 .QO00E+00 

0 .OOO0E+00 

0 .OOO0E+00 

0.O0000E+00 

0 .OQOO0E+00 

0 .OOOOE +00 

0 .QOO0E+00 

0.0000E+00 

0 .OOO0E+00 

0 .OOOOE+00 

0 .OOO0E+00 

0 .OOOOE+00 

0 .OO00E+00 

0 .OOOOE+00 

0 .OOOOE+00 

0 .OOOOE+00 

0 .OOOOE+00 

0.0000E+00 

0 .OOOOE+00 

0 .OOO0E+00 

0.0000E+00 

0 .OOOOE+00 

0 .OOOOE+00 

@ .OOOOE+00 

0 .OO00E+00 


Kw 


DISP 
CB ARRAY 


AREA ARRAY 


0 .O000E+00 


SECT AREA 
DRAG FAC ARRAY(31X 1) = 


GIVEN 
4.00000 


2669.38 

4091.73 
0.440000 
NEW 


nRannagsm a 


= PRESENT 
(1x 4) = 


( 4X 1) = LTON 
( 4X 1) = FT 


(1X 2) = ET2 


= 400.000 
= 0.000000E+00 LTON 
(2X 1) = ET 


= 0.O00000E+00 FT2 
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30 0.0000E+00 
31 0.0000E+00 
AUXILIARY SYSTEMS 


VENT SYS IND 
FAN COIL IND 


COLL PROTECT SYS IND 


NO AUX BOILERS 
FIREMAIN SYS IND 


PRAIRIE MASK SYS IND 


RUDDER SIZE IND 
RUDDER AREA 

ROLL FIN AREA 

NO FIN PAIRS 

UNREP GEAR IND 

NO ANCHORS 
POLLUTION CNTL IND 


OUTF IT+FURNISHINGS 


Wnt 


UNIT COMMANDER IND 


WEIGHT MARGINS 


GROWTH WT MARGIN 
D+B WT MARGIN IND 
D+B WT MARGIN 

D+B WT MARGIN FAC 
D+B KG MARGIN IND 
D+B KG MARGIN 

D+B KG MARGIN FAC 


FULL LOADS 
STORES 
STORES PERIOD ARRAY ( 4X 1) = 


&m WN 


45.00 
30.00 
45.00 
45.00 


FUELS+LUBRICANTS 


USABLE FUEL WT 
FUEL LOG 
BALLAST FUEL FRAC 


RES{STANCE FACTORS 


1 
2 
3 
4 
5 
6 
7 
8 


9 
10 
11 
12 


FRICTION LINE IND 
DRAG MARGIN FAC 
WORM CURVE ARRAY 
-9300 


0 
0.9300 
0 


-9300 
1.025 
1.145 
1.137 
1.043 
1.020 
1.035 
1.050 
1.075 
1.060 


STD 
PRESENT 
PARTIAL 
0 .OOOOO0E+00 
NEW 
PRESENT 
CALC 
223.088 FT2 
70.0000 FT2 
1.00000 
STREAM 
2.00000 
PRESENT 


mnnnnnntanhk an 


= NONE 
( 3X1) = 


0 .OOOOO0E+00 
MODERN 
VIDMAR 


now i 


0 .QOO00000E+00 LTON 
FRACTION 

473.346 LTON 
0.125000 
FRACTION 

2.74062 ET 
0.125000 


Hunn nau nh 


865 .024 LTON 
0.503015 
0.100000E-02 


Owe 
0.800000E-01 
(31X 1) = 
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13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


31 


0.8880 


pUEELEEEEE 


CORRELATION ALLOW 
DESIGN DRAG 


ENDURANCE 


DRAG 


DESIGN EHP EXPON 


ENDURANCE 


EHP EXPON 


WEIGHT FACTORS 
SHIP WEIGHT 
SHIP LOG INPUT IND 


WN) 


ONAN PWD Oy AOUN PWN 


Onn WN 


FULL LOAD 
FULL LOAD 
0.5059 


-10.00 

0 .OOOOE+00 
0 .OOOOE+00 
0 .OOOOE+00 
0.0000E+00 
0.0000E+00 
0.Q0000E+00 
0.O000E+00 
WT ADJ CG 
0.5500 

0.0000E+00 
0 .OO00E+00 
0 .QOOOE+00 
0 .O000E+00 
0 .0000E+00 
0.0000E+00 
0 .OO00E+00 


WI - 
CG ARRAY 


ARRAY 

0.9000 

0 .OOO0E+00 
0 .OO00E+00 
0 .QOOOE+00 
0 .OOOOE+00 
0 .OOOOE+00 
0 .OOOOE+00 
0 .OOOOE+00 


PERFORMANCE FACTORS 


( 8X 1) 


332199. 
101359. 
5.24448 
4.55822 


= CALC 
= 5537.29 
( 2X 1) = 


~~ 
se] 
»< 
~ 
ee? 
tl 


( 8X 2) 
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0 .SOO000E-03 


LTON 


LTON 


LBF 
LBE 


LTON 





SIG WAVE HT = 0.100000E+37 FT 
MONTHS IN SERVICE = 0.100000E+37 
SIG WAVE HT ARRAY ( 5X 1) = ET 

1 0.1000E+37 
SEA STATE PROB ARRAY( 5X 1) = 

1 0.1000E+37 
MSN SPEED ARRAY ( 5X 1) = 

1 0.1000E+37 
MSN SPEED PROB ARRAY( 5X 1) = 

1 0.1000E+37 


HULL FOULING FAC = 0.100000E+37 
PROP FOULING FAC = 0.100000E+37 
AVAIL FUEL FRAC — = 0.100000E+37 


HYDROSTATIC FACTORS 
HYDROSTATIC BASELINE 


APPENDAGE IND = WITH 

HYDROSTATIC IND = FULL LOAD 
HYDROSTATIC DRAFT = 0.100000E+37 ET 
HYDROSTATIC TRIM = 0.100000E+37 EFT 
HYDROSTATIC WT = 0.100000E+37 LTON 
HYDROSTATIC LOG = 0.100000E+*37 ET 
HYDROSTATIC KG = 0.100000E+37 ET 


FLOODABLE LENGTH 

FL LGTH PERM ARRAY ( 4X 1) = 
1 0.1000E+37 
INTACT STABILITY 


INTACT WIND SPEED 100.000 


TURN RADIUS = 0.100000E+37 FT 

TURN SPEED = 0.100000E+37 
DAMAGED STABILITY 

COMP PERM ARRAY (17X 1) = 


1 0.1000E+37 
COMP SYM INDEX ARRAY (17X 1) 
1 0.1000E+37 
DAMAGED COMP ARRAY (17X 1) 
1 0.1000E+37 
SPACE FACTORS 
VOL ADJ ARRAY ( 4X 1) 
1 0.0000E+00 
2 0.0000E+00 
3 0.0000E+00 
4 0.0000E+00 
SPACE MARGIN FAC 
PASSWAY MARGIN FAC 


0 .QOOOO0E+00 
0 .Q000000E+00 


DKHS AVG DECK HT 8.50000 ET 
REFER MACHY LOC IND INSIDE 
COST FACTORS 
ECONOMIC FACTORS 
YEAR § = 1985.00 


INFLATION RATE ARRAY(15X 1) = 
1 0.1000E+37 


PRODUCTION RATE = 5.00000 

LEARNING RATE = 0.970000 

FUEL COST = 1.20000 ¢/GAL 
PAYLOAD COST FACTORS 

PAYLOAD T+E COST = 43.6000 

LEAD PAYLOAD COST = 307.900 

FOLLOW PAYLOAD COST = 276.200 

ANNUAL TRNG ORD COST = 0.100000E+37 


PAYLOAD FUEL RATE 0.100000E+37 LTON/HR 





SHIP COST FACTORS 


IOC DATE = 2005.00 
R+D PROGRAM LENCTH = 5.00000 
NO OF SHIPS ACQUIRED = 30.0000 
PROFIT FRAC = 0.800000E-01 
SERVICE LIFE = 30.0000 
ANNUAL OPERATING HRS = 0.100000E+37 
TECH ADV COST = 0.000000E+00 
ADDL FACILITY COST = 0.000000E+00 
DEFERRED MMHRS REQ = 0.000000F+00 
UNREP UNIT CAPACITY = 0.100000E+37 LTON/YR 
UNREP UNIT COST = 0.100000E+37 
UNREP O+S COST = 0.100000E+37 
KN FACTOR ARRAY (9X1) = 

1 0.9830 

2 2.345 

3 1.000 

4 3.153 

5 1.528 

6 1.000 

7 1.000 

8 26.06 

9 4.254 
SHIP FUEL RATE = 0.100000E+37 LTON/ER 


MANNING FACTORS 
MANNING FACTOR ARRAY( 6X 1) 
1 0.1000E+37 
WRKLOAD FACTOR ARRAY( 6X 1) 
1 0.1000E+37 
AVIATION DEPT ARRAY ( 3X 1) 
9.000 
3.000 
30.00 
NO WATCH STANDERS = 0.100000E+37 


Wh 


C,E>EXIT 
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DESIGN CALCULATIONS 


1. ASSET Weight Adjustment 


SSE Module weight specifications include main deck. 
scantlings. Therefore, a weight adjustment was made to the 
ASSET Group 190 estimate. The weight (W) 15 given by: 


Wo= WAtL/12 


wheres 
¥ = Hull material density 
A = Deck Area 
te = Main Deck smeared thicknesss 


2. ASSET Cost Analysis Data 
a. Fayload Cost - Cost equations given in the ASSET theory 
manual were used to calculate the lead, follow, and TYE 
payload costs using a value of 675 tons for payload 
weight. fhe payload weight used by ASSET includes the 
welaht of sonar water and JF-S. This practice results in 
an ummealistically high payload cost for the ASW Frigate. 


Bb. Group 100 KN value 


The detault Group 100 En value of 1.0 1S based on 
Gata for MS/HTS hulls and aluminum superstructures. A 
typical aluminum deckhouse represents 32.52 of the Group 
100 weight. Assuming aluminum is about twice as 
expensive as steel to purchase and fabricate, the En 
factor for a HIS Null and deckhouse can be approximated 
By 

En 6 gOar st Ona s 2. =) 27 oS 


SO OMI Oe at AR RAN I Sg RN RNR A NR LR A RR 


FS At o Sy “Tv ¢"y 7° mag at he 
KR = ReacLes eo eg 7 - 43500) /43500) 


Tee ee 7 Gao a OM Soo = 1s. O2 


4. Minimum Freeboard Calculation (DDS 079-2) 
Peace = laolh (UOT JERR) = .QO0os6¢(LEF) + 2.78 
= 1.190(4.42) — .0006536(425) + 2.78 = &.97 


Vow BEDS g 6.97 (425) /100 = 29.6 FT 
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APFENDIX 8 


TECHNOLOGY CHARACTERIZATION SHEETS 





ee 


Name ot Technology: High Strength Low Alloy Steel 


CiljJ Rains, Dean A., "“"HM&E Technology Characterization 
and Evaluation for a Frigate," Decision Engineering, 
Fascagoula, Ms, 20 AFR 84. 


Pe entcce Whom vohmn —.,  £UDG—-oai Froducibility Studies 
Task 7," Quincy Shipbuilding Division, General 
Dynamics, Quincy, Ma, 17 JAN 82. 


Brief Description: 


HSLA has the desirable properties of high strength with 
low fabrication and material costs, making it competitive in 
most shipboard applications. It 1s being considered for two 
types of application on future combatant ships: Replace HY-80 
for current high strength/balistic protection meeds, and 
second replace HIS steel in many routine needs. 

HSLA has material properties comparable with HY-80O, yet 
costs significantly less and is easier to weld. HSLA steels 
obtain their material properties in part by careful selection 
of their alloying elements and by using either fine graining 


techniques, precipitation hardening, or a combination of 
Both .« 
Categorization: Cirele appropriate items. 


1. Direct Influence on Ship Ferformance 
a. Combat Capability (specify warfare area) 
one Gurvivability) (signature, 
c. Mobility (sustained speed, range, maneuveribility)? 
d. Seakeeping 


e. Operability (reliability, maintainability, 
availability, ease of Operation) 
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HSLA CHARACTERIZATION (CONTINUED) 


y 


a. Functional Area Affected by Technology 
a. Combat System 
>. Containment> 
Se ea ay eS ateye ee eng 
d. Electrical 
@. AUXLlliary 
Peete rev itinan oppor t 
feo toe LimpaAc c 


6b. Space: Location —- Hull, Superstructure 
Type - Deck Area, Large Object, Tankage 


c. Energy 
d. Manning 


4. Applicable Ship Size/Type 


b. Type: CMonohull SWATH SES HYDROFOIL ACY 


mie ors C 


a. Will the technology provide a direct reduction 
ii seo st= /on 


Reduction in material and fabrication cost 
compared to HY-80O. 


b. Type of Cost Acquisition Operating and Support 


Developmenc Status: 


Certification program underway: 
1. Strength and ballistic properties certified. 


2. Crack arresting properties being tested. 





HSLA CHARACTERIZATION (CONTINUED) 
echnical 


Informations 


MAlEALT AL PROPERTIES 


: Pam _ HTS HSLA/HY-80O 
MTRL DENSITY CLBEM/FTS3] 489.0 489.0 
MOD OF ELAS CESIIJ 29600 29600 
ee Sine Ne lieth ot 45.00 BO.00 
GeOeOR iNew miMl | tis t 1 54,00 60,90 
MAX FRIMARY STRESS CKSII | oiees } SSS ral es 
ALW WORE STRESS CESII Riel _ Ole. ale Oe) 


FOISSONS 


RATIO 


Oe 2 


Cheocal) 


Slineos COEFF IGHENT <€) VALUES 


FOR FLATE FANEL DESIGN 
i ee pale) HSLA/HY-80 
TOF SIDE 400 WOO 
LOWER SHELL/TANE 6.30 Ue 
FLOODING/DAMAGE CONTROL | BOQ FOO 


DECE HOUSE STRUCTURAL DENSITY CLBEM/FT3) 


AS 
HSLA/HY~-80 


4.18 


= 99 
ee ay re 


Unburdened cost tor HSLA approximately 1.4 times HIS 
compared to 1.8 for HY-30. 





IMFACT EVALUATION OF HSLA USING ASSET 


1. HSLA Hull 


ASSET currently does not handle hybrid hull structures 
(1.@., crack arrestors, high strength deck plating, etc.). 
Only one set of material properties, stress characteristics, 
and plate stress coefficients may be specified. In order to 
evaluate the effect of using HSLA for the design of the 
Primary hull structure, the following changes were made to the 
baseline MFL. 


a. Hull Materials 


Oe riGnie Tyee LIND = OTHER 
TU bali SlreNG lr = 80.00 
Senor aA tNE LIiMly = 60500 


Lo ait er} 
dun om! @ chaos 


PeeetiitAee nih STRESS 
HULL ALW WORE STRESS = 35.00 
SCE ARRAY 


i ale eRe 

Ae) 

a FO) A 

be LOSt Factors 

The Group 100 Ea factor was determined using the 
Value for of 9,982 (CHIS Hull and Superstructure) aS a 
baseline value. The percentage of Group 100 weight 
proportioned to the superstructure was determined ae 


Ew value was then estimated based on the data that HSLA 
increases hull construction costs by 1.4. 


Wasso/Wi0o0 = 1559.9/1251.5 = .125 


ne ee Oe aed oo et ele a eee) SS 1 7 





IMPACT EVALUATION OF HSLA USING ASSET (CONTINUED) 


2e HSLA Deckhouse 


No attempt has been made in ASSET Structure Module to 
define the structural load or size requirements for the 
deckhouse. An empirical weight approach, combined with the 
deckhouse geometry, is used to determine each deckhouse 
weight. The weight has been characterized as a function of 
enclosed deckhouse volume. In order to evaluate the effect of 
constructing the deckhouse out of HSLA, the following changes 
were made to the baseline MFL. 


a. Deckhouse Materials 
DEHS MtRE TYFE IND = OTHER 
Vigtoeorreact DENSITY = 3.220 
b. Cost Factors 


Peo vOaN(, 97o5) telod(, 09S) (eee 3) 





NAVTRUSS CHARACTERIZATION SHEET 


Name of Technology: NAVTRUSS 


Keferences: 


Cid Rains, Dean A.,"HM&E Technology Characterization 
and Evaluation for a Frigate," Decision Engineering, 
Fascagoula, Ms, 20 APR B64. 


C2) Russell ,John F., "DDG-Si Froducibility Studies 
Task 7," Quincy Shipbuilding Division, General 
Dynamics, Quincy, Ma, 17 JAN 82. 


Brief Description: 


NAVTRUSS 1s a trade name for steel sandwich type panel 
structure with a corrugated core. A typical section is shown 
below. This type of configuration employs very thin face 
sheet and is on the order of 75 percent ligther’ than 
corresponding stiffened plate structure. NAVTRUSS may be 


practical for superstructure sides because of its’ 
lightweight, but is not considered to be practical for deck 
structure due to the nonuniform nature of deck loading. it 


fragmentation protection is desired then KEVLAR or local 
reinforcement is required. 


NAVTRUSS 


a" 


16T 


y, i’ 


a ALNL ALANA —— 
_ ae 





NAVTRUSS CHARACTERIZATION (CONTINUED) 


Peeegciha zation: Coviete = appropriate items. 
1. Direct Influence on Ship Ferformance 
a. Combat Capability (specify warfare area) 


=e (signature, 


Combined with EEVLAR it could increase ballistic 
protection for given weight allocation. 


c. Mobility (sustained speed, range, maneuveribility) 


d. Seakeeping 


e. (reliability, 


avallability, ease of operation) 


Maintenance requirements of NAVTRUS are being 
investigated. 


se Functional Area Affected ty Technology 
a. Combat System 
c. Main Fropulsion 
Cpe ee Girl Gal 
@. AUxXlliary 
fe, UUEtLle/Human Support 
oe ohio Impact 


a. Wei ghB: Hull, Topside 


Bb. Space: Location —- Hull, Superstructure 
Type - Deck Area, Large Object, Tankage 


c. Energy 


d. Manning 





NAVTRUSS CHARACTERIZATION (CONTINUED) 


4. Applicable Ship Size/Type 


Soest ooo See Ee 
6. Type: @lonohull SWATH SES HYDROFOIL ACV 


Cost 


ch 


a. Will the technology provide a direct reduction 
Diem Ste ay ty / 


Will increase material and fabrication cost. 
b. Type of Cost: Gcquisitiom Operating and Support 


Development Status: 
NAVTRUSS CIWS deckhouse installed on a DD-962 class ship. 


Candidate materials undergoing corrosion testing. Structural 
and ballistic characteristics of panels have been tested. 


A te ES RSE EE RR SE Ae RIE 


DEEL MGUSE=SsPrruCiuRAk DENSITY “GLEM/F 1-3) 


HTS 4.18 
NAVTRUSS ey 


Unburdened cost for NAVTRUSS 1s approximately 6 times HTS. 





IRGT CHARACTERIZATION SHEET 


Name of Technology: Intercooled/Regenerative Gas Turbine 


References: 


CijJ Rains, Dean A., "“"HM&E Technology Characterization 
and Evaluation for a Frigate," Decision Engineering, 
Fascagoula, Ms, 30 APR 84. 


C2] Baskerville, J.E., E.R. Quandt & M.R. Donovan, 
"Future Fropulsion Machinery Technology for Gas 
Turbine Powered Frigates, Destroyers, and Cruisers," 


Naval Engineers Journal, MAR 78, pp. 34-46. 


C3) Bowen, T.L. & D.A. Groghan, "Advanced-Cycle Gas 


Turbines for Naval Ship Propulsion," Naval Engineers 
Journal, MAY 84, pp. 262-271. 


Brief Description: 


Regenerative heating of the gas entering the combustor 
using the gas leaving the power turbine, and cooling of the LP 
delivery air to the HF compressor offer the potential of 
improved fuel consumption rates without the complexity of a 


supplemental steam cycle (COGAS). Assuming successful 
developments, the above adaptations to the simple cycle could 
provide specific fuel consumption rates approaching .30 


LEM/HF—-HR. In addition, these cycle changes are projected to 
yield a flat SFC characteristic far down the power curve from 
the design point, as desired for a ship mission profile. 


REGENERATOR 


WITERTOOLER 


t? COMPRESSOR HP COMPRESSOR COMBUSTOR 








IRGT CHARACTERIZATION (CONTINUED) 
Categorization: Cire appropriate items. 


1. Direct Influence on Ship Ferformance 
a. Combat Capability (specify warfare area) 


Some reduction in IR signature without external 
cooling techniques. 


c. Mobility) (sustained speed, (range) maneuveribility) 


d. Seakeeping 


e. (reliability, maintainability, 


availability, ease of operation) 
Additional equipment/complexity added to the 
machinery plant. 
ce Functional Area Affected by Technoloay 
a. Combat System 


b. Containment 


c.CMain Fropulsio 
d. Electrica 
e. Auxiliary 


*. Outfit/Human Sewpport 


Se ohio [mpact 
a. Weight: Hull, Superstructure, Topside 


b. Gpace> Location -Cull) Superstructure 


Type — Deck Area, Large Obsect, Crankage> 
ED 


d. Manning 





IRGT CHARACTERIZATION (CONTINUED) 


4. Applicable Ship Size/Type 


a. Size: €V CG DD FF ED 
b. Type: ffonohull SWATH)SES HYDROFOIL ACY 


a. Will the technology provide a direct reduction 
Im cost] G)/ 


Will increase cost of main engines, but will 
decrease O4S costs becattse of fuel conservation. 


Be |typenor Cost: JIperating and Suppor 


Pevelopment Status: 


Exploratory research hasS been conducted at DINSRDC to 
determine technical feasibility. Contractor studies were 
conducted ain 1982 with each of the major aircraft engine 
manufacturers. 


ee SE SRS SS eee 


General Electric data tor constant speed, variable power 
Intercooled/Regenerative Gas Turbine. 


ieee) IRGT 


SRE Sg REE ree See: 


MAX CONT FWR CHF] 26n 2a) | Zone) 

CONT REM 2600 5600 
Seecewt Lean /AF I MR see ee AS, 
VOLUME REOQMT RLV BLV+bo00 FITS 
BLY = Baseline Value 


COMPARATIVE SFC CLRM/HF-HRIJ DATA 


BHF’ LM-2500 IRGT 

| : 

5000 7 . 680 ! . 380 
10000 .540 , 340 
15000 | qa ! awe 
20000 ! . 430 . 350 
25000 | .410 7 25e0 


Unburdened cost for each main engine approximately 
Peewiimnes LM 2a00. 





IMPACT EVALUATION OF IRGT MAIN ENGINES USING ASSET 


1. Discussion 


ASSET assumes a standard LM-2500 SFC curve for gas 
turbine main engines. The program currently does mot provide 
the ability to adjust the shape of the curve. Hence, in order 
to model a IRGT properly at endurance for fuel weight 
Calculations, a false SFC at maximum power must be entered. 
This false value is determined by guessing a value, balancing 
the design, and then running the Machinery Module to check 
that the SFC is correct at endurance. Note that the SFC value 
given in the Machinery Module includes two factors: one for 
plant deterioration (AG 8 bar) and another for instrument 
imacctiracy (depends on “~ maximum power). The proper modeling 
of IRGT main engines for the ASW Frigate required the 
following changes to the baseline MFL. 


fe AMUCIJUstments 


a. Main Engine 


MAIN ENG SFC are 
MAIN ENG SFEC WT ea 


The value of 0.28 for SFC at maximum power resulted 
in the correct value of 9.37 at endurance where %s81ll HF 
was required to make 20O ET. 


Bb. Cost Factors 


The cost of two LM-25090 is approximately #10M. 
Since IRGT engines are 29% more expensive, the Group 200 
kn was adjusted until the Group 200 cost increased by 


$2,0OM. This resulted in aFEwn value of 2.4354. 


c. Volume Adjustment 


An adjustment to 2000 FT was added to mobility 
volume. 
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CONTRAROTATING PROPELLER CHARACTERIZATION SHEET 


Name of Technology: Contrarotating Fropeller 


References: 
Cid Rains, Dean A., "“HM&E Technology Characterization 
and Evaluation for a Frigate," Decision Engineering, 


Fascagoula, Ms, 20 AFR 84. 


C21 Tsao, S.E., ASSET Fropeller Module Theory Manual, 


Boeing Computer Services Company, Seattle, Wa, JUN 82 


Briet Description: 

Caomtrarotating propellers consist of two propellers on 
concentric shafts (one inside the other) rotating in opposite 
directions. Fower is normally provided Via t“#plicyelic 
reduction gearing or direct drive electric motors. 


Contrarotatinga propellers offer improved propulsion 
efficiency. AcOUStics need to be further investigated. 


EX eeoor lz ation: Circle appropriate i1tems. 


1. Direct Influence on Ship Ferformance 


a. Combat Capability (specify warfare area) 


b. (Gignature,) protection) 
c. Mobility @ustained speed, range, maneuveribility) 


d. Seakeeping 


e.(OperabilityD (reliability, maintainability, 


availability, ease of operation) 


More complex propulsor and drive train. 
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CONTRAROTATING PROPELLER CHARACTERIZATION (CONTINUED) 


“* 


“. Functional Area Affected by Technology 
a. Combat System 

b. Containment 

c. Gin Propulsion 

d. Electrical 

ee. Auxiliary 


f#. Qutfait/Human Support 


ES onlp impact 
a. Weight: Hull, Superstructure, Topside 


Db. Space: Location -—- Hull, Superstructure 
Type - Deck Area, Large Object, Tankage 


c- Energy) 


d. Manning 


4. Applicable Ship Size/Type 


b. Types (Monahul!l SWATH SES HYDROFOIL ACY 


a. Will the technology provide a direct reduction 
im cost * y / 


Will increase acquisition cost. 


b. Type of Cost: Acquisition, Operating and Support 
Development Status: 


An early system was tested at sea on a SSN. Numerous 
model tests have been conducted. 
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CONTRAROTATING PROPELLER CHARACTERIZATION (CONTINUED) 


Meena cal Information: 


TYFICAL FROFELLER FERFORMNACE DATA 


PRoeuLloiVveccé@brr TerenN) 


Sree thts CRP Pe En 
20 -/() = Foe) 
ot Sehe/ 7 -/78 


Drag estimates for shafts and struts expressed as a 
fraction of the total bare hull resistance for different 
configurations are as follows: 


NO. FROF SHAFTS 


1 ee 
Fixed Fitch Sr ee 295 
Controllable/Reversable Fitch (CRF) 208 A 
Contrarotating eh | Ris! 


Fropeller system (propellers, struts and shafting) weight 
is expected to be comparable to a CRF system. 


An increase in unburdened Group 200 cost of approximately 
$2 M per shaft is anticipated over a simple FF system. 
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IMPACT EVALUATION OF CR PROPELLER USING ASSET 


1. Discussion 


ASSET directly handles contrarotating propellers. Since 
powering data was unknown (need to run self-propelled model 


tests), the relative rotative efficiency was adjusted until a 
propulsive coefficient of .80 was obtained. 


<x. ADGJUStmMents 


be 0 a eres mrp eS ee ey SE 


a. Fowering 


REL ROTATE EFF = 1.114 
b. Fropeller 
BROP TYEE” LND = CR 
NO BLADES = 9 
Ge lost Factors 
The Group 200 En, factor was adjusted until the Group 
ZOO cost increased by #4.0M. This resulted in a En value 


a) eae eae 
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INTEGRATED ELECTRIC DRIVE CHARACTERIZATION SHEET 


SR, TT OE eT ee es 


Name of Technology: Integrated Electric Drive 


eee To ed 


Cij Rains, Dean A., “HM&E Technology Characterization 
and Evaluation for a Frigate," Decision Engineering, 
Fascagoula, Ms, 20 AFR 84. 


C2j Jolliff, J.V. & D.L. Greene, “Advanced Integrated 
Electric Fropulsion A Reality of the Eighties," 
Navel En@aneers Journal, AFR S2, pp. 4232-252. 

C3j] Robey, H.N. & ELT. Fage, "Application of Variable 
speed Constant Frequency Generators to Fropulsicon 
Derived Ship Service," Naval Engineers Journal, 


MAY 85, pp. 296-%05. 


Brief Description: 


Integrated electric drive consists of prime movers 
driving an integrated generator arrangement. In the 
configuration being comsidered, LM-2500 gas turbines deliver 
power to a propulsion generator and a ship service generator 
VlA a common reduction gear. Variable speed constant 
frequency (VSCF) qenerators in combination with a dedicated 
ship service aqas turbine generator are used to provide ship 
service power. Constant frequency output with variable speed 
imput 1s obtained through the use of power electronics. The 
enclosea figure illustrates the proposed plant confiquration. 

This comcept of integrated electric drive offers a number 
of advantages in aGGLltlon syste those inherent with a 
conventional electric drive plant. 


1. Qverall plant operation 1S more efficient (fuel 
economy close to diesel plants). 


f.3 


. Reduced number of installed prime movers. 


=e. Reduction in volume required for ship support. 
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INTEGRATED ELECTRIC DRIVE CHARACTERIZATION (CONTINUED) 


Categorization: Circle appropriate items. 
1. Direct [Influence on Ship Performance 
a. Combat Capability (specify warfare area) 


oe (Ssigmature, pratectiom) 


Arrangement flexibility inherent in electric 
drive systems. 


c. fiobi lity (€ustained speec Crange, maneuveribility) 


Reduction in Ve due to less power available for 
propulsion, increase in range for same fuel weight 


d. Seakeeping 


e. (reliability, maintainability, 


availability, ease of operation) 


Complexed power electronics and reduction gearing 
associated with propulsion derived ship service. 


2. Fumctional Area Affected by Technoloay 
a. Combat System 


b. Containment 


d. (ElectricaDbD 


e. AUXliliary 
#. Outfit/Human Support 
Seeonip impact 


a. Weight: Hull, Superstructure, Topside 


b. (Spaced Location —-CHuL)Y, SUper Structure 
Type ~ Deck Area,CLarge Objecb,Cankagey 
c. 


d. Manning 
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INTEGRATED ELECTRIC DRIVE CHARACTERIZATION (CONTINUED) 


4. Applicable Ship Size/Type 


Bb. Type: (Monohull SWATH/SES HYDROFOIL ACV 


a. Will the technology provide a direct reduction in 
cost? OY) / qn) 


Will increase cost of propulsion plant, but 
should lower O&%S costs because of fuel economy. 


b. Type of Cost: Operating and Support 


ee OO Gente ENR 1 El i hs atte Pe 


Exploratory research has been conducted at DINSRDC to 
determine technical feasibility. 


neewmical Information: 


Fropulsion derived ship service, compared to dedicated 
units, offers weight savings approximately equivalent to the 
two prime movers removed and volume savings roughly equivalent 


to an auxiliary machinery space (25,000 FT*). 

The combined unburdened cost of Group 200 and 200 15s 
anticipated to be about the same as a conventional electric 
drive system. The higher cost of the VSCF generators 15 


offset by the removal of seperate prime movers for each 
generator. 


re 7 





INMSGRAVED™ ELE CIMIbe IR ye scneaManLe 





LM2590 | LM 2500 
: | | | 


- REDUCTION ee 
GEARING | 
TT | 


SS GEN , PROPULSION | | = So GEN 


oa a GENERATOR | : 


aS ss pus 5 ; a. SS BUS 






PRDP 


FREQUENCY | Prop 
MOTOR LJ 


CHANGERS MOTOR 
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IMPACT EVALUATION OF INTEGRATED ELECTRIC DRIVE USING ASSET 


1. Discussion 


Hook | directly handles integrated electric drive. 
However, ASSET does not allow flexibility in the mumber of 
generators. The program assumes the number of generators 15 


equal to the number of main engines plus one. In addition, 
Foor | assumes direct drive motors and water cooled 
technology. 


<. ACIJUStKMENntS 


feaeetectric Fl ant 


it 


GEN NO IND CALC 
So ENGyiyYEe IND = PRUFULSIOMN 
HecOost tactors 
The Group 200 En factor was adjusted until the 


sum of the Group 200 and 200 costs for the variant was 
the same as the sum for the baseline. 
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ROTARY ENGINE SSG CHARACTERIZATION SHEET 


Name of Technology: Rotary Engine Ship Service Generator 


Reference: 

Cli Rains, Dean A., "HM&E Technology Characterization 
and Evaluation for a Frigate," Decision Engineering, 
Fascagoula, Ms, 20 AFR 84. 

bigees  DESeri potion: 


Rotery engine ship service generators offer the SFC rates 


of diesels at system weights comparable to gas turbines. They 
represent am extension of the same technology used 
successfully ain the automobile industry. Conventional gqas 


turbine and diesel generator sets are compared on an equal 
basis im the technical section. 


Paeeqgri zation: Gites le appropriate items. 


So oe ee ooo 


1. Direct Influence on Ship Ferformance 
a. Combat Capability (specify warfare area) 


Radiated noise levels for the rotary engine 
are expected to be less than a diesel but 
not as favorable as a gas turbine. 


er @iobi lity) (sustained speed, (range) maneuvVeribiliey? 


d. Seakeeping 


e. Mperability (reliability, maintainability, 


avallability, ease of operation) 


RM&A requires investigation. 
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ROTARY ENGINE SSG CHARACTERIZATIION (CONTINUED) 


ae Functional Area Affected by Technology 
a. Combat System 
b. Containment 
c. Main Fropulsion 
4. ClectricaD 
@. Auxiliary 


Peer. aaneimnan OuUDPOrt 


a. Ohip Impact 
a. Weight: Hull, Superstructure, Topside 


b. Space: Location —- Hull, Superstructure 
Type - Deck Area, Large Object, Tankage 


c. Energy) 


d. Manning 


4, Applicable Ship Size/Type 
b. Type: Utonohull] SWATH SES HYDROFOIL ACY 


a. Will the technology provide a direct reduction 
Tiles bt. Cy)/ n 


Less expensive per FW than diesel or gas turbine. 
Fuel economy comparable to diesel. 


b. Type of Cost :CAcquisition Operating and Support 





ROTARY ENGINE SSG CHARACTERIZATION 


Development Status: 


Exploratory research has been 


determine technical feasibility. 


Technical Information: 


Rating Spec Vol 


CEWI CFTS/EWI 
Diesel =ZO00O 4.68 
Gas Turbine 2OOO core 
Rotary 2ita0 ras, 


17 sc 


Spec Wt 
CLI/E WI 


eleven 
Se. / 
5 Pas 


(CONTINUED) 


conducted at DITINSRDC to 


SFC @ MAX COST 
CLE/HF-HRJ = C#/KW) 
400 250 
569 400 
424 265 





IMPACT EVALUATION OF ROTARY ENGINE SSG USING ASSET 


Pot sCllSsl On 


Ra re een 


ASSET does not offer rotary engines as an option for the 


electric plant. However, they may be indirectly handled by 
selecting diesels as the ship service engine and then making 
adjustments to weight § and volume estimates. This 1S 


reasonable since diesel and rotary engines have equivalent 
SFC characteristics. 


Beeoa sist ments 


pewiteeur Te Plant 
Soo Nom yee IND = DIESEL 
bh. Weight Adjustments 


The lower specific weight of the rotary engine 
required a reduction of SO tons in Group 200 weight. In 
addition, Group 600 weight was reduced 20 tons to reflect 
a decrease in the amount of insulation reguried by the 
rotary engine. Note that this resulted in 20 tons of 
imsulation for the rotary engine compared to none for the 
qas turbine and 40 tons for the diesel. 


c. Volume Adjustment 


A decrease of S900 FI was made in the ship support 
yolume. 


d. Cost Factors 


Generation represents about one third of the Group 
200 weight. Hence, the 252% reduction in cost for the 


rotary engine was applied to 33% of the baseline Group 
200 Buy value of 1.0, 


Drees Ono Ol Ot 27 ote oe el) = 0.917 





COMPOSITE MAST AND LADDER CHARACTERIZATION SHEET 


Name of Technology: Composite Masts and Topside Ladders 
References: 
Lid Rains, Dean A., "HM&E Technology Characterization 
and Evaluation for a Frigate," Decision Engineering, 
Fascagoula, Ms, 20 AFR 84. 
eewes Descr yation: 
The principal advantage of the use of reintorced plastics 


is reduced weight. Composites also offer corrosion resistance 
and favorable EMI characteristics. However, there are ftew 


cost advantages, especially if Exotic carbon or boron fibers 
are required for stiffness or strength. Additionally, there 
is concern over the ability of the materials to resist and 


Survive fires. 
Saeeqomi cations Cree le appropriate items. 


mer csesss es, 


1. Direct Influence on Ship Ferformance 
a. (specify warfare area) 
EMI may be improved. 
Delian viveaorlity (Signature, protectian) 
c. Mobility (sustained speed, range, maneuveribility) 
d. Seakeeping 


e. Operability (reliability, maintainability, 
availability, ease of operation) 


<2. Functional Area Affected by Technology 
a. Combat System 
SEE, 
c. Main Fropulsion 
Gite trical 


e. AUxXiliary 


chive Gut Fi D/ Human Support 
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COMFOSITE MAST AND TOPSIDE LADDER CHARACTERIZATION (CONT. ) 


—r 
ec 


2. ohip Impact 


Ge Hull, Superstructure, 


b. Space: Location - Hull, Superstructure 
Type —- Deck Area, Large Object, Tankage 


ee energy 


d. Manning 


4, Applicable Ship Size/Type 


a. Size: 
b. Type: @lonohull SWATH SES HYDROFOIL ACV 


aa eost 


a. Will the technology provide a direct reduction 
Wie OSGe = VG 


b. Type of Cost: Acquisition, Operating and Support 
Development Status: 
feenmnical Information: 


The following are typical weight savings based on DD-963S 
studies conducted by INGALLS Shipbuilding. Rough rule of thumb 
is 60% weight saving. 


Wt Savings CLT) 


Masts 4. 
Topside Ladders Le 


3 @ 


if 


Cost 1S approximately 2 times HITS. 





IMPACT EVALUATION OF COMPOSITE MASTS & LADDERS USING ASSET 


1. Discussion 
Analysis must be conducted to determine the possible 


weight savings. Ship impact may then be assessed by entering 
the data aS weight adjustments to ASSET. 


ee ACJUStMents 


a. Weight Adjustments 
Weiraqht savings of 4.8 tons were applied to Group 109 
for the mast structure and 1.2 tons were applied to Group 
600 for the ladders. 
oat ftactors 
The En factor adjustments were done according to 
weight fractions. The masts represent 0.4% of Group 100, 


The jadders represent 9.9% of Group 600 weight. 


Cro F760) C3 ee) ee CO ey Gao) = 0. 787 


Group 100 Ew 


Gmetad tree (2991) (1 so) Fee Coe eer. Oo) = 1.009 
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APPENDIX C 


TECRNOLOGY IMPACT ANAELYSSSs =nESULTS 


NY! 


COMPARISON OF MAJOR CHARACTERISTICS 
BASELINE ASW FRIGATE VERSUS HSLA HULL VARIANT 


THRESHOLD BASELINE VARIANT DIFF 7% 
ship Performance ! ! | 
1. Combat System 
Capacity i ; 
Fayload CLTJ | “O67Ge0" + ‘67ae | S7eno | 
Area CFT] 16254 toed 162354 | 
Effectiveness 
Arrangeability i i BLYV Same | 
Poem oUGViveabi lity 
Signatures i 
Le OIE al TED TED 
BES DDG=ai TBD TED 
Noise |B} Orgs ft = cane TRD TED 
Visual DD-Sho.): TBD TBD 
Saoweecti1 OM 
Blast i St Fe een i ate 
Fraq Te) i game Sei] | Improved: 
NBC ee a ee te te tt (Si ee 
Shock AS (ihc | aaa stor oO Soo Or 4 
eeinoed Lity*<+°? I 
Vewur td 24a, 1 Gaveca i 26.08 8 ee 
Ve CETI ee oy) a) 20.0 
Range CNMI 4300 1 43500 © 4500 
Maneuverablility ae 1 TBD TaD 
4. Seakeeping 
Rank Factor Bae © a Lear | 
Aone er 1 ogy ESEC I 1 Pear) t sol se 
a. Operability 
RM&A tape cs 7 ees TED TRD 
Note: (1) Sustained speed requirement for sea state 3S. 


Raseline and Variant values given are for calm 
water. An estimate of the added resistance in 
waves could be made, but the speed loss should 
not be enough to drop speed below threshold. 
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COMPARISON OF BASELINE VS HSLA HULL VARIANT 


8 0 RE 


Design Margins/Criteria 


1. Margins 
Acq Weight 
Acq EG 
Space 
Acq Electrical 
Seen te heetrical 
Fropulsion Fower 
Accomodatians 


strength 
<2“. otandards & Fractices 
6fl+/B 
pets i tent 
Frim Stress £CESII 


Correlation Allow 
ohip Configuration 


1. &6ross Characteristics 
LEF LF i 


Beam CFT I 
Beatt ore id 
Depth CFTI 


Displacement CLT 
Total Volume CFT") 
6M, CFT I 

Disp Logth Ratio 


Yor! Demsity CLE/FI7] 
<=. Fowering 

SHF' s 

SHF'e 

FCe 

SP Cee lieRM/HeE-an 


~e 


=. Ship Service 
Fropulsion CKEWI 
Average Load CKW4] 
Feak Load LEW I 


Maximum Frimar 
HTS ke Sts: 
HSLA 232.52 


Note: Oe): 


REP 


in 8 tL. 


Note 


THRESHOLD 


ee 


de eee. 
WR SE 
CO. 
Sy. 
20.07 
8.07 
HOS e176 


“O68. 12 


Ry ee) 


O00 


4 EST 


C2) 


Vie aie 
St 
EST 


1 


cess 


Vee) 


- = Cs) - > == -_= -—=_ -——_- 2 =_ -— -—= -— - = == —=— -—=- -_—= == --= - = —-= -2--lU lw == -_—= -= == = —_} _——> - = -_—=— - = = -—2 i a a= sd -* -—= —— - = 


pe 7 
eee 
DS ela) 
.O005 


Ae o 
30. OO 
1Bi7 7 
28.00 


5537.3 


a ee Fe 


6238118 


4.8% 
7d 
f3.c 


200 
Vea7 
O.747 
O. 044 


207 
ex ei rg 
~841 


Values 


BASELINE VARIANT 


Le 
LZ 

O.QO 
zZzO020 


ane 


cn Cf 


10.0 
4.05 


led 
fee Ad 
ie 77 


~Q00r5 


425.0 
49.86 
18.64 
oo. (Q 


al) A are | 
6ai7 685 


4.94 


Fl ree: 


Lies 7 


pa eres | 1 
9779 
epee ic wy 
O.546 


267 
2~668 
2B40 


(CONT) 


Dirr 7 


ees 


(ie 


Seal: 
N/S 


Pe 


oe! eee | 
N/S 


=Ono 


N/S 


N/S 
N/S 





COMPARISON OF BASELINE VS HSLA HULL VARIANT 


4, Weight _ 
Waioo CLTI 
Wooo 
Wsoo 
Wace 
Wesoe 
Wao 
Wroo 
Acq Maraqin 
Lightship 
Loads 
Fuel 
Ship Ammo 
Aviation 
Full Load Weight 
Ptieieeoad KG LFTI 
Lightship EG 


~»e Volume 
eve | J 
Deckhouse 
Vai Mission 
Ve Human Support 
Ve Ship Support 
Va Mobility 
Ve, Unassiqned 
Total Volume 


6. Manning 
Officer 
CFO 
Enlisted 
Accommodations 


Cost 
Meee) Cost (10 yrs) 
2. AGCQUIStion Cost 
Lead Ship CEM 19835) 
Fallow Ship 
Average (30 Ships) 
ees COSte (a0 yrs) 


mols 

1. Schedule 
=. Technical 
m=, Cost 


—_= -—= -_—=— --— —=_ -=_ -—-=_ -= --= -— = -—— -—_ == -—— -= -_—— -- -_-— —=_ -—— -—=_ -—-=— -—=_ -—— —=_ —_—_ _— = —_=_ -= -—_= -_—= _—- —_= -—=_ ——<_ -=_=_ -—_—_ oe -——_— =-_ —_-_ _—=_ <= -—=_ = -— = 


THRESHOLD RASeLINE 
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P0027 
429.6 
248.4 
649.6 
624.6 
294.0 
120.0 
47 eS 

4260.1 

De 7 oe 
865. 

78. 
Pye 
eis os 
mle 7 7. 
24a 7 


48 CARO 


550657 
107462 
148288 
ey oe 
196397 
177384 

299 
658118 


26 
LT? 


J ee 


ae el 


ave, 


7 ©) oul 
20 aeee/ 
Seige 0 
1 OSG 


TED 
LOW 
TED 


ow - = -_= = -= —= -—= -—= == = -- —_—— = -= o= -=— -_—=_ a= == -—= - = 


--_ oo -—-= -—=_ ———s -_- = aa -_—=_ =e -_—- _—eoa a= -_—=_ _—= =_ -—- a me == =——_ == -_—s —-—= —=— -_—_ =e -_= =a—— 


VARIANT 


1257 
sas Sere 
248.1 
649.4 
634.0 
ae 7 
120.0 
467.0 
2S 2 

LOTS. 7 
Bol. 7 

foe 
hee 

ony. 1 
Fo) en 


24.5 


pal el) a 
o7 S77 
148266 
Poo? ae 
Lo e2e7 
177245 

es 7 
oar ooS 


26 
ited 


Pm, 
a 


£01 


TED 


Weds 
wel . 
JeGe 
1043. 


me OF O 


_ 
—— 


TED 


MOD—-LOW 


TRD 


(CONT) 


Der ZF 


meee te! 
N/S 
N/S 
N/S 
N/S 
N/S 


al 
=i 
—(, 
-O, 


fit Gl Ww 


—i 
aed ps 
=O 03 


—_—s 
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N/S 
N/S 
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COMPARISON OF MAJOR CHARACTERISTICS 
BASELINE ASW FRIGATE VERSUS HSLA DECKHOUSE VARIANT 


__ THRESHOLD HASELINE VARIANT Oe ee 


Ship Ferformance 


1. Combat System 
Capacity 


Fayload (CLT) i "G/a.0 « ‘67890: | 64M oO 4% 

Area CFT=3 162354 | 16254 1625 

Effectiveness 

Arrangeability Bley same 

Ee ouITvVivability 

Siqnatures 

IF DOGlals g 0 5)) ‘ED 

BES DUS sl. TED TED 

Noise DO=F76oo TED TED 

Visual DOSSoe. t TED TED 

Frotection 

Blast an gol i Seep, | mega esos 2 

Fraq ey al Je a ae fae leva bik 

NEC 1. GeSCR Same. Fb —GES Ne tens OF caihce 

Shock oo Ome wee oe ot co hor 

ce Gea l ity <> 
Vea CET I ete ewer A 286.00 | O 

Ve CET 2. 7 9 20g 1 ete) 

Range CNMI 4200 4 4500 b 4500 

Maneuverability nip S30, i a0, 

4. Seakeeping 
Rank Factor foe Os | Pee) 4) | ieee 
Roll Feriod CSEC J Te Pen| POG ck ies ee 

w. Operability 

RM&A :  JFPG=7 TED ven 


= 


Note: (1) Sustained speed requirement for sea state 3S. 
Raseline and Variant values given are for calm 
water. An estimate of the added resistance i1n 
waves could be made, but the speed loss should 
not be enough to drop speed below threshold. 
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COMPARISON OF BASELINE VS HSLA DECKHOUSE VARIANT (CONT) 





i182 


_ Saas THRESHOLD BASELINE VARIANT DIFF 7 
Design Margins/Criteria | ! : 
i. Margins 
Acq Weight jel yA lease 1 125 
Acg EG i oy Les Lees 
Space O.O7 Owe QO.O 
Acg Electrical 20.07 200 Fed BP 
See. eclectrical Co 20S 2eee 1 °. 2a 
Fropulsion Fower Be O7 8.0 1 B.0 
Accomodations POeO, ee 10.0 
Strength feceetehol, 22760 1 2ei N/S 
x. Standards & Practices: 
Ghia+/KE beer hoo Soar eames aa eS ee 6S One 
PEs br Tt 3 29 6 es aed 2958 N/S 
Prim Stress CES! 1 2 ig Heals) ee 18.47 N7S 
Correlation Allow ANG G8 ksh SOW ar 1 -OOO5 3 
chip Configuration ! ! ! 
1. Gross Characteristics: 
Beeo CET 2 Aa an Beano. | 
Beam CFT I eee Bd tie =O 
Draft Er if Were y! 7! i8.6@ i: — ae 
Depth CFT I a eh oe 3B.00 1 
Displacement CLTJ | SS57226 | B486seq7: —O27 
Total Volume CFT] | 60517er 6357783 1 N/S 
GM+ CFTI 4.82 | Siero ot aire 
Disp Lath Ratio 1 yam Pia) 61 = 
Vol Density CLB/FTA*Ii Pee ¢ 18.7 N/S 
<. Fowering 
SHF' fe See i). ee 8 
SHF'e Vea 9794 3 Oe 
FiCe t  On7 47 > Oe eas 
SFCe CLEM/HF'-HR J + 0.0944 POLS 4a «1 N/S 
Ship Service H 
Fropulsion CEW] 267 Ze N/S 
Average Load CW] (| oe? | 2668 N/S 
Feak Load Ckw] i 2641 =~B40 N/S 





COMPARISON OF BASELINE VS HSLA DECKHOUSE VARIANT 


Se Se re eee FNS OS ES eat fT Stencee Cm  S H  RES S NS GS tee 


4. Weight 


Wioe CLT I 
W 1™O 
Wooo 
Woe 
Waco 
Weoo 
Wao 
Wroe 
Acq Margin 
Lightship 
Loads 
Fuel] 
Ship Ammo 
Aviation 
Full Load Weight 
Palle ioad b& fF 2 
Lightship EG 

2. Volume 
Hig Lei 7 
Deckhouse 
Via Mission 
Ver Human Support 
Va Ship Support 
VeotiGmy bitty 
Ves, Unassiqned 
Total Volume 


&. Manning 
Otticer 
Geo 
Enlisted 
Accommodations 


Cost 


iene Cost (10 yrs? 
2. AcCQuUIStion Cost 
Lead Ship C#M 198354 
Follow Ship 
Average (30 Ships) 
feos Cost (20 yrs) 


_eo -= -= -- - = sr) -—=_ -—=_ - = -— -= —_——_— == == ——= -- me -_ ae ee =e mo == -= ee -- == -—= == -= = == -—=_ —— =o see —=_ -_—= —=_ == -_—=_ =a -—— @= = 


__ THRESHOLD 
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HASEL INE 


Satie 
107462 
148288 
ay cal 
176277 
177284 

2°99 
658118 


26 
19 
228 


OL 


TRD 


eee 
ao. 7 
aati an 8, 
Oso 7 


VARIANT 


126 li 
| Bee 
eas 
248. 
648. 
654. 
By Mae 
120, 
468. 

fee. 

1274. 
862. 

72 
i. 

24396. 

21.42 


24.2 


oO oe Ch Oo 


_~ wr 
c— ee Se” 


CA CAR CAR Ce CI os 


IIOIS64 
Oe 
148260 
1357350 
oie Ole 
177263 

Pe7 
6a77a2 


26 
19 
228 


oO 1 


THD 


970.3 
na] = Pe = 
aac.) 
RECs ve 


(CONT) 


Dyer 7 


—2.0 


= Ze © 


N/S 
N/S 
N/S 
N/S 
N/S 


he 
sol 
Talila 
-O, 


t-] fj 


=e, 
Slvr 


a) 


N/S 
N/S 
N/S 
N/S 
N/S 
N/S 
7s 
N/S 


N/S 
N/S 


N/S 





COMPARISON OF BASELINE VS HSLA DECKHOUSE VARIANT (CONT) 


THRESHOLD BASELINE VARIANT Diler 7. 


SA A CED ~ tenet RS RS BARRE ak Eh A A RS eR ep nee pe Sn 





Risk : : : : 
i Schedule } TED } aie, 
2. leehnical ' LOW ; MOD-LOW | 
Os T ' TED } TED 
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COMPARISON OF MAJOR CHARACTERISTICS 
BASELINE ASW FRIGATE VERSUS NAVTRUSS VARIANT 


_ THRESHOLD BASELINE VARIANT peer 7. 


OR Ra a A I ARE EE ft) LENA Oe OM et | Ah EY ES RR oti OEE RS Oe OE 


chip Ferformance 


1. Combat System 
Capacity 


Payload (£LT3 , Sova | “Gf ' « (G70 -” t 

Area CFT=) 16254 16254 16254 | 

Effectiveness 

Arrangeability BLYV Same 

2. Survivability 

Signatures 

TF DDG =a | a8; TBD 

ay Bee i SDP Gare «. TED TED 

Noise DDS 6e. TeD TED 

Yisual : DPaFén TED TBD 

Frotection 

Blast i ace desea i igo lew Se 

Fraq lev ot ey aie! i LV II 

NEC ee Ceo vos —-Ce Senne EES. 3 

Sincere -: er: Ne ae et oe aon ors 

Soe i@e. li ty <*>? 
Wearwk es. lid Sas 1 Ceo 0; “ee Om | O.4 

Ve CET I RAO OE Ce, | ge 

Range CNM 4300 | 43500 4300 

Flaneuverability ‘mie THD TED 

4. Seakeeping 
Rank Factor psi ee era = =O. 
Rollereriod (SEC 1 ee Ba | Seas i = Fae 

~~. Operability 

RM&A REGS] TBD Pe) 


Note: (1) Sustained speed requirement for sea state &. 
Baseline and Variant values given are for calm 
water. An estimate of the added resistance in 
waves could be made, but the speed loss should 
not be enough to drop speed below threshold. 





COMPARISON OF BASELINE VS NAVTRUSS VARIANT (CONT) 


__ a THRESHOLD BASELINE  VAREDANT DIFF 7% 


Design Margins/Criteria 


1. Margins 


Acq Weight Lees, 12e5 | 
Acq EG Sol fs few 2 
Space Oa O.O Oa 
Acq Electrical 2O ey. 20.0 2020 
Sales Electrical LOeOr 20.8 20% 9 N/S 
Fropulsion Fower B.0%7 3 8.0 1 8.0 
Accomodations Loo: OE ®, lites () 
strenme@th er a iene a7 SS 2.86 wa 
2. Otandards & Fracticesi 
GM+/5 ee Bele 7, A Nahe 12.4 
Pee, tr i I aS BPW as Rar ras ey N/S 
Frim Stress LEST I Apa R= 18.50 Toe 42 N/S 
Correlation Allow BPG hal PG Gl @ | ~OOOS 
ship Configuration ! ! ! ! 
1. Gross Characteristics: 
Bae ERTS Pape eS 425.0 
Beam CFT IO. GO AGW So = (ere) 
Draft LF Ta lS Le. oo — ee 
Depth CFT] Bie) (01g: 28.00 
Displacement CLT J oi fa D445.5 hae 7b 
Total Volume CFIA 6561726 | Say ae 4 N/S 
GM+ CFT I 4.82 ae iz.4 
Diam een Ratio cia 1 WOT aol 4 7 
Vol l-ensity CLE/FIT 711 18.8 1e.6. % — eee! 
=. Fowering 
SHF'z Dawes | ae a «| 
SHF e& wile ae 9748 Sh oh 
Foe O. 747 O. 747 } 
SEGe LLEM/AP-AR I O. 544 O. 546 N/S 
<=. Ship Service 
Fropulsion CKEW) 26/7 mes 7 N/S 
Average Load CKEWI | »- 2oee | = =6. § 666 N/S 
Feak Load CKEWI 7841 ~828 Nis 


ree 





COMFARISON OF BASELINE VS NAVTRUSS VARIANT (CONT) 
ee THRESHOLD BASELINE VARIANT DARE 7 
4. Weight 1 

Waoo CLT I | Dae ie War aa ee a =a. 
Wasa H Too) | SSE.a9 | —-4@.2 
Wroo 429.6 | AZO. | N/S 
Woo 1 248.4 | 2a7.95 «| N/S 
Wace H ' 64770: E4729 4 N/S 
Woo ' Gera One oie a 4 N/S 
Weoo H ' 394.0 3 iy out: See Ny sS 
Wr00 PeOaOr | ree) ar 
Acq Margin cy 462.6 | =o 
Lightship 4260.1 | 4172.0 | ae 
loads bev 7 pe bee on -0.4 
Fuel B6ae) | S60).6 5 =o 
Ship Amma Poe Toe oc 
Aviation bey sie ee iy aera it 
Full Load Weight See or 3445.5 | i 
Full Load EG CFT) ela 7 ae 5h) a8 1S ae eee 
Eraqheship KG 24.7 re ey SEG 
Volume 
Agdete Le |=] ' SING 7 ei apa) Oa pal aapr N/S 
Deckhouse 107462 | 106983 | N/S 
Vai Mission 148288 | 148250 | N/S 
V2 Human Support pany doar) © i Loy a4 
V=x Ship Support 196597 | 196240 | N/S 
wavMoul lity 177284 | 177186 | N/S 
Ves, Unassiqned a ar ae Pace N/S 
Total Volume 698118 | Sa7a57 | N/S 
Manning i i 
Bffrcear RAS 26 
Geo by 12 
Fnlisted eo ras 
Accommodations 20d BO 
Cost 
1. R&D Cost (10 yrs) , TED TBD 
2. ACGUIStion Cost 
Lead Ship C#M 19851] | 970.1 | 986.8 : We 74 
Follow Ship aie) aa 25.0 ae @ ee eens 
Average (20 Ships) naib bree DOS. bee 
ae O&%&S Cost (320 yrs) POS. 7 4 1942.6 | One 
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COMPARISON OF BASELINE VS NAVTRUSS VARIANT 


(CONT) 


THRESHOLD BASELINE VARIANT 


SR ES A A RS ARP A EN AE A IR A So MRR SRS 


Schedule TED TBD 
Technical LOW 1 MOD 
Cost TED TED 


ets 


DIE ZA 





COMPARISON OF MAJOR CHARACTERISTICS 
BASELINE ASW FRIGATE VERSUS IRGT MAIN ENGINE VARIANT 


__THRESHOLD BASELINE VARIANT DIFF % 


a ee eee 


ship Ferformance 


1. Combat System 
Capacity 


Fayload (LT] © yee 67aa0° | CeO % 

Area CFT=] 162354 162354 Pezea4 | 

Effectiveness 

Arrangeability BLYV | Degraded: 

Ea ouieVvi Ves lity 

Signatures ; 

Whe DDG-S1i | TED | Improved: 

Aes DDG=Sh | Tep TED 

Noise DD=S os); TED THD 

Visual DDSI O6S: | TED TBD 

Frotection 

Blast Do eal foes orl ee geo i | 

Frag 1 re et Fe Oe mee wt 

NEC i FSGES 3 cFP-EFS ie F sees 

Shock opto 4 cet ok 84 Sonar 4 

Pei) |. ty < +? 
Ve CET I ee Oe 1 Wei 49 Vavee 76 N/S 

Ve CET I 20.09 3 Seo 1 ete €) 

Range (CNMI 4500 | 43500 4300 

Maneuverability ele TED TED 

4. Seakeeping 
Rank Factor Lee). | Peeono 5: =a 
Rellereriod SECA PO) | 19.03 1 N/S 

Seedmer ability 

RM&A Pro? i TED THD 


Note: (1) Sustaimed speed requirement for sea state Oo. 
Baseline and Variant values given are for calm 
water. An estimate of the added resistance in 
waves could be made, but the speed loss should 
not be enough to drop speed below threshold. 
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COMPARISON OF BASELINE VS IRGT MAIN ENGINE VARIANT (CONT) 
ae THRESHOLD BASELINE VARIANT Dyer % 
Design Margins/Criteria | 
1. Margins 

Acq Weight fee * es See Lane 
Acq EG 1 | aE al A ee al, a a 
Space CO 7, Chaat) O.O 
Acq Electrical et yA BOBO | — 20m 
Sie Electrical pe) 7, 20no «1 2 lees N/S 
Fropulsion Fower Se Sa) Biranld 
Accomodations Li. Oe boo) bono 
Strength ( 2.24 KSls See ee N/S 
“2. Standards & Fractices: 
GM+/E Hee Gees) a Pie: Oa N/S 
Bebe tr lid 1 Note (2); eo 7 a7 eOuk -| N/S 
Frim Stress CESI] ee a ss hee feo gOw i ee Aca N/S 
Correlation Allow Oy a ~900S = 018 )2 
SO pe COnti guration 
1. Gross Characteristics: 
Ber ake | 42me8 . 420-25 i — lee 
Beam CFT I . some 4 <SWeiw | (ie? 
Draft CFTI EGeery 18.34 1 =f ace 
Depth CFT] See Scenmeme) Bele. «| =e 
Displacement CLT4 par pe By SDeOmwe 4 | er 
Total Volume CFIT*I : 698118 + 649785 | = apes 
GM+ CFT I 4.83 4.83 1 
Disp Lath Ratio 1 aerar A am | 
Vol Density CLB/FTAI: ono 4 PSe% Fn cel L Eten 
=. Fowering 
SHF' x i 2 oe oO) i eM 
SHF' = 7Ea7 4 98 a =e 
FCe (| OO. 747 rH, VOR Ay 
Sree  LEBM/AHP-HR I © O.544 iy VOees72 1 Siee 
Fuel Cons CNM/LT4I Sine eye 1 4! ee 
=. Ship Service 
Fropulsion CKWI aad 266 N/S 
Average Load CEW] | 2665 1 2604 N/S 
Feak Load CEWI i 2841 ; 2£6286 N/S 
Note: (>) Minimum Freeboard Requirements 
Baseline 29.6 FT 
Variant ee eel 
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COMPARISON OF BASELINE VS IRGT MAIN ENGINE 


Se ee ee 





Sl ee 


4. Weight 


Wisco CLT] 

Wooo 

W-so0 

Waco 

Wesco 

Weoo 

Wr00 

Acq Margin 
Lightship 

Loads 

Fuel 

Ship Amma 
Aviation 

Full Load Weight 
Pttimieaad tis CRITI 
Lightship EG 


2.» Volume 

Ao Eel) 
Deckhouse 

Vi Mission 

Ve Human Support 
Vx Ship Support 
Variability 

Valin Fuel 

Ves Unassigned 
Total Volume 


6&. Manning 
Officer 
cee 
Enlisted 
Accommodatians 


Cost 
1. R&D Cost (10 yrs) 


<f. ACGUIStion Cost 
Lead Ship CIM 1985) 
Follow Ship 


Average (20 Ships) 
o>. O8%2%S Cost (320 yrs) 
Energy Cast 


== == =o -— = -= —= —=_ -— -—= —= _— = -—=— -_= -— = -_—=_ =—-_ —_ -—=- -_—-_ a == -_—= == -_—- -_=- a= ——_ == == =—=_ _—e -_—— -=_ —_—_ —— -—= -—— —= -= _—— -=- -—=- -—= -—— -=— 


THRESHGBLD 


1 Bae a 


BASEL INE 


LEOO.7 
429.6 
~48.4 
649.6 
624.6 
io ee) 
155 0) 
A] Bare. 

Ae Oey 

1 ay ay a 
865.0 

ceo 
V2 

See ages 
21379 
Fae aes 


pCO 217 
1907462 
148288 
a7 a 
L769 7 
177284 
43795 

a ed 
658118 


26 
19 
228 


orl 


TED 


opi Olea 
JB567 
399.0) 
ROSS 7 
hey sere) 


—_ _—=_ == 7s == —=_ ee == — = - = -= -_— - = -—= -_==_ == a = —= == == == -—— -= -—=— —=-— -_—=- -= = —_=— —= —=_ <= -—= == me == =—=— -— = == mc -_— -—=_ -=_ -_s 


VARIANT 


VARIANT 


468.0 
248.0 


626.0 


— wf 
ref 0 
oo ss 
OU on 


J9N6632 
Poy o2 1 
148245 
1b Seale aes 
194711 
17 OS ls 


1 : ; 


"am ee Soe io 
Eos 


649785 


Zo 
Ni 
Re S 


aC) ] 


TED 


980.6 
I33.3 
Woe 2 
Pei S.7 

Sue 1 
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N/S 
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COMPARISON OF BASELINE VS IRGT MAIN ENGINE 


__ THRESHOLD BASELINE 


ee eae eae oer eee ee ee i oes 


Risk 
1. Schedule H TRD 
<-. Frechnical i LOW 
me. Cost i TED ‘ 


ily 


VARTANT 


VARIANT 


TED 
MOD 
TBD 


(CONT) 
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COMPARISON OF MAJOR CHARACTERISTICS 
BASELINE ASW FRIGATE VERSUS CONTRAROTATING PROPELLER VARIANT 


; ; THRESHOLD BASELINE VARIANT Brrr” 4 
Ship Performance : . : : 
1. Combat System 
Capacity 
Fayload CLT1J 86%) | (Gram oF Grae | 
Area CFT=] 16254 16254 162354 
Effectiveness } } 
Arrangeability RLV Same 3 
Poe oie Vad Li ty 
Signatures i 
IF DBGsa) s; TRD TED 
RCS DEG Sal! 5 TED TE) 
Nol se DAS oe. Os), TED 
Yisual | “DD=See- 4 TRD TBD 
Frotection 
Klast ma | oes | ee ne pl 
Frag [lel ety ewe L ome le eo al 
NBC . tae Soa, . ees PP CFS 4 
25) ar ema BEE ce) le ey ces a meee ho) oe 
Cee eed lack y < + ? 
Ve CETI CAO eee ge 4 (ee. eet 130) 
Ve CETI a05tr | 2G) cat) rr 20.0 
Range CNM) i ASOQ | 43500 43500 
Maneuverability ele TED TED 
4. Seakeeping 
Rank Factor RAS ey ee N/S 
Folis Period (SEC Lona! POS N/S 
J. Operability 
RMEA a lee 7s TBD | Degraded: 
Note: (1) Sustained speed requirement for sea state oS. 


Haseline and Variant values given are for calm 
water. An estimate of the added resistance 1n 
waves could be made, but the speed loss should 
not be enougn to drop speed below threshold. 


1s es 





ee ae THRESHOLD BASELINE VARIANT DIEF & 

Design Margins/Ctriteria | ! ! , 

1. Margins ‘ 
Acq Weight se Say Ae Roe | ee) 
Acq EG Noe leno  % Wie 
Space 0. OF Oe) es, O20 
Acq Electrical CAB WES Fe 20.0 |  2Z2@m© 
Sawer lLectrical a, OF. 20.5 me. 3 
Fropulsion Fower Boy, 8.90 8.0 
Accomodations LOCO, wt limo 1 Ome) 
Strength Ft | Ss ier a7 ae 

x. Standards & Fracticesi 
GM+/B SOS Saale. hele / ~O99 + la 
eve Cir 1 J oo Gm * i 29.7 Tes 4 
Frim Stress CESI4 | Note (2) Poseeag.) 4 gs hot 
Correlation Allow SOE rey s OOS) oO 5 

Ship Configuration : : ! : 

i. Gross Characteristics: 
Se os es ee : “42500 (+) ES.) | 
Beam CFT4I eae oa et 
Draft L[CFII iceirar Ard iG cs Gey fre > ae A: N/S 
Hepum oF to ( ag 200° ( Simo | 
Displacement LT J a pe 7 Dee 7 A =Og 1 
Total Volume CFT74 | Geetlse i 6s8ih8 | 
Ghee CFT 4585 3 Aen] Se | =17,.4 
Disp Logth Ratio Tae th Tau 1 N/S 
Vol Density LCLE/FIAI: 16.8 he. 8 

<=. Fowering 
SHF' x mee a) SOR 
SHF'e: Gee 1 S777 3 Ses 
Popes ran eens ee §  O.BSOS pas | 
FCe ; Of 742 Ose. | in) 
SF Ce EeeaM/HF—-HR 4 r Oo.544 ( One N/S 
Frop Eff © Design (eave) 1" O. 7am 1 (a7, 
Pe@peer+; € Endur PeeOemeG | «Oe 7 gO” 4 uaa, 
Tot Drag @ Des CLEI : _eeoeee te | 365788 1 i ee 
Tot Drag @ End LOVsso: 5 197644 |; 6e2 


RF MpeszreN 


140.0 


140.0 


COMPARISON OF BASELINE VS CONTRAROTATING PROPELLER VARIANT 


RF Me sie S927) ees 
Fropeller Dia CFT] 16.74 bE Arg -16.4 
Frop Sys Disp CLT4J Soe 7S 43.833 L226 
Design Cav No. iro ro Sar 
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COMPARISON OF BASELINE VS CONTRAROTATING PROPELLER VARIANT 


THRESHOLD BASELINE VARIANT BEEF 7, 


&. Ship Service 


Prantl sieon Chwd ete i 26g } 
Average Load CEW] 2669 1 2667 
Feak Load CEWd ~B41 i ~B41 

4. Weight i 
Wioo CLT] | VSG, § DSeOG.S | N/S 
Wooo AS) i aaa (a a N/S 
W-soo ~48.4 | 248.4 | 
Waco 649.6 | 549.6 | 
Wesoc 624.6 | on! Seren N/S 
Weoo i 294.0 | 294.0 4 
Wooo Tao. | ieen 7 | 
Acq Margin os Oe N/S 
Lightship 4760.1 | ASSa7 20 N/S 
Loads i We 7 7 2 1s Wane ARS oe N/S 
Fuel Seon Soleo 1 -O.4 
Ship Ammo i Ys = eer Fo 3 
Aviation pe a ee hea 
Full Load Weight aa Ey Bree cal psa FO a a =e 
pUPE Load EG CFT 2 lcs aioe 0 
Lightship EG es | 24.7 

uo.» Volume 1 i 
Hubli LEY 3 YINGO7 | GINGG7 | 
Deckhouse 197462 | 1907462 | 
Va Mission 148288 | 148288 | 
Vo Human Support isay ow Paar wo 
V= Ship Support Leer 7 4 i ag fs Or el N/S 
Vasri@p? lity 177384 | 1772495 | N/S 
Ve, Unassigned ay 441 | N/S 
Total Volume i 698118 | 658118 | 

6. Manning I 
Officer <6 2 
CFO 19 icy 
Enlisted Aes 228 
Accommodations Eapl = 





COMPARISON OF BASELINE VS CONTRAROTATING PROPELLER VARIANT 


THRESHOLD BASELINE VARIANT Diieiee 7% 


Calne 

fener) Coste Cla yrs? THD | TBD | 

2. ACGUIStION Cost 
Beacdieonup FE 19653 1 7a 1 Gi eias seat Te 
Follow Ship 965.7 | me. Of 1.4 
Average (20 Ships) ene <1 == \=\ pout 144 

Seo Cost ClO yrs) Loess 1OFG.5 | OR 

Risk 3 ! 3 : 

1. Schedule TED TED 

=. Technical LOW | MOD-HIGH: 

fe LOS TED TED 
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COMPARISON OF MAJOR CHARACTERISTICS 
BASELINE ASW FRIGATE VERSUS PROFULSION DERIVED SSG VARIANT 


ee, THRESHOLD BASELINE VARIANT Die 7. 
ship Performance ! ! : 
1. Combat System } 
Capacity 
Fayload [LT] [ Geek it O7aw@ i “OF g40> 3 
Area CFT=] 16254 | 16254 16254 
Effectiveness 
Arrangeability Blew | Degraded: 
fee ouEyEyahi lity 
Signatures 
Ik m DDGS=a1 5% TRD TED 
RES DDG-sSi | TED TED 
Noise 1 ieee TED TED 
Visual | DPSSes | TED TBD 
Paouec tian 
Blast i “Sere l {eae ee toe a ec | 
Fraq pe ATL i LV II po ET 
MBC etre et ea So ew mrs 3 
Smoc fF Me el | IO) 4 a toe 4 
Sl@mdli ty <t? 
Ve CET] Ce Weta Ut ava lo | =2..5 
Ve CET I SoC 4 em 1 ae) ae) 
Range CNMI 4500 1: 4500 r 6 4800 
Maneuverability Er TED TED 
4. Seakeeping 
Rank Factor Rh 9. 0 ae Le. 04 =a 
Bowe eeri og £Setl boy 1 Paee, 1 = 
a. Operability 
RMA y Fe os 7 TED | Degraded: 
Note: (1) Sustained speed requirement for sea state Oo. 
Raseline and Variant values given are for calm 


water. An estimate of the added resistance i1n 
waves could be made, but the speed loss should 
not be enough to drop speed below threshold. 
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COMPARISON OF BASELINE VS PROPULSION DERIVED SSG VARIANT 


_ Se ee THRESHOLD BASELINE VARIANT DIFr es 
Design Margins/Criteria 
1. Margins 
Acq Weight ii aee sh ped a Lared 
Acq KG  eaaally A ps Baar 12s 
Space yen. O.O O.O 
Acq Electrical mer. 20 alles) 
oe eectr ical yi 205-3 a7 eB. Sage 7 
Fropulsion Fower Sia ent) Se 
Accomodations 1 a A LO) pa (C 
strength eet bee k fae (A=: ese: oo) 
2. Standards & Fractices 
GM+/B ,O6= cle SOS7 oe N/S 
eebe CFT I Note (2) eee eT e Mar enna! ee) 
pelimestress LESI I Zle2e Lee a0 Loeeo = 5 


~, oo. lee 


Correlation Allow 101 8 ber / O005 ees 


ship Configuration 


1. Gross Characteristics 


ee wie os 4135.0 = 
Beam LFT] SO, 00 Ao @ = 
Draft CFTI 18.77 1/237 


28.00 


[| op boar ets 
SOI wk 


Ara Ole, 


J104.95 


Depthwelrt 4 
Displacement (LTI 


4 ] 
1 t 
i] L} 
i} 4 
4 i 
! I 
1 i 
i i 
1 i 
i] L} 
i] i 
1 t 
1 i 
1 i 
1 i 
1 i 
i] 1 
1 i 
i] i 
1 t 
i] 4 
i i 
i] 4 
1 i 
i] i 
1 i 
t i 
i] 4 
1 1 
i] i 
i 4 
‘ i} 
‘ 4 
4 4 
1 i 
i 4 
1 i 
1 I 
i i 
1 1 
i] 4 
1 i 
i] i] 
1 1 
i] Art = i] 
1 425. () '] 
4 i 
i ] 
4 i] 
i] 1 
i i 
i 1 
i] 4 
1 i 
i] i] 
4 | 
1 i 
1 i 
i] i] 
1 1 
i] i] 
i] i 
] ! 
i 1 
i] i] 
i] i 
| cong [om 
uJ uJ 
| ' 
i r} 
i i] 
! i 
4 i 
i] i 
'] ' 
i] i] 


legate volume Li i>] 6o0718 626/785 -4.8 
GM+ CFT 4.83 4.84 N/S 
Disp Lath Ratio 7a 71.4 sleet 
Vol Density CLE/FT*] 1368 1S. 2 ee nes 
“<=. Fowering 

SHF' x Zo 200 | 

SHF' OS aay LoS Soe 7 
FCe O.747 O.747 

See ee eet 7 he rina O.544 O. 494 ae se 
Fuel Cons CNM/LTI cei ons = eel 


Note: (2) Minimum Freeboard Requirements 
Baseline 29.6 FT 
Variant 2626 Fi 
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COMPARISON OF BASELINE VS PROPULSION DERIVED SSG VARIANT 


__ THRESHOLD BASELINE VARIANT DIFF % 


eo SR ee oer rey meee ee 


=" 


Seeonip Service 


Fropulsion CKWI Sale Th 2655 N/S 
Average Load CKEW I | 2eGy | 2622 — =e 
Feak Load CEW] 2841 2/794 ~< Tien 7 
Total Installed FW; i 6000 ; Zepene 2580 
See. or owth CKW] 641 } 1147 : 7S? 
No. Generators * 4 as ie on 
Gen Rating CEWI jee) G1) 2900 i Gee 7 
Weight 
Waco CLT I SOMO cas os 1G ah ce ee oe 
Wooo H 429.6 | 405.4 | sO 
Wao ~48.4 | POweoO. | —en 7 
Wace 649.6 | 646.7 | N/S 
Woo 634.6 | a he A en —6.4 
Waco iF eet So eases 
Wee ERO ONT eer) 
Acq Margin AT. 4 442.4 1 =6.55 
Lightship Peete Orcs Src cy 1b = Gace 
Loads i GY Fake kg I a 
Fuel S Gane, 7 ieee. > Sane 
Ship Ammo VAsres mee Loa 1 
Aviation Ue chen ee ee ae 
Full Load Weight ens pee et OMe po as 
Pie "oad EG Crig P| TT GS Joie ah Ee zu tg | 
Lightship EG 24.7 1 24.1 a 
Volume ‘ 
rol Ce Ot a cece (eas. 1 Seo) ., “Cie 
tLeckhouse 107462 | POS2a Ts. Salva! 
“ig Massion 148288 |: 1479354 ; N/S 
Ve Human Support Hoay ao ae sores 
Vx Ship Support EVGeo7: | [72066 1 eee 
Va, MGbility 177384 | 17 OS67 1 = 17.0) 
Ves Unassigned fr ar aaa YOB | N/S 
Total Volume Saetie, | G6£678a 1 =—4. 9 
6. Manning 
Officer : Oe yi 2 | 
Gee Oe ys 
Enlisted ange | 228 1 
Accommodations SO1 mig | 





COMPARISON OF BASELINE VS PROPULSION DERIVED SSG VARIANT 


ae ot aR EE SR RRR FST 9 ing ra PA att ra ie 


THRESHOLD BASELINE VARIANT plea ea 7- 
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